a) 
my 
>| 
a 


VOLUME 48 NUMBER 1 JULY 1989, ISSN 0003-4975 


HE 
_ ANNALS OF 
— THORACIC 
SURGERY — 


Official Journal of The Society of Thoracic Surgeons 
and the Southern Thoracic Surgical Association 


BN Ger abe Perot ass a 


Bae RA R 





i 


bi =e 
E A 
4 
et 
is 
å 
= 
ay 
a 
S 


at aps DER 


iy 
E 





T 
Bett; 


ee Twenty-fifth Anniversary Meeting of The Society of Thoracic Surgeons 
gt September 10-13, 1989, Baltimore Convention Center, Baltimore, MD (Page 149) 
f Thirty-sixth Annual Meeting of the Southern Thoracic Surgical Association 
a November 9-11, 1989, Phoenician Golf and Tennis Resort, Scottsdale, AZ 
. 

X Elsevier 


aeon a 
ee 
tg 


cok-tol35-14-PO 24838 ` 





‘iGHT — 
NOW 


Your investment 
in ZINACEF is 
starting to pay off. 





Your choice of ZINACEF for surgical prophylaxis is an 
investment that can yield outstanding returns in lower 
postop infection rates, shortened hospital stays, and an 
improved bottom line for your patients. 





SSE 


Significant success against staphylococci 

In a recent study, ZINACEF was shown to be 
“significantly more effective...than cefazolin in 
preventing postoperative wound infections following 
open-heart surgery’'—especially against Staphylococcus 
aureus and S epidermidis. 
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Reduces postoperative complications— 

infectious and financial 

A recent nationwide analysis revealed that each 
postoperative wound infection represents a 
nonreimbursable loss to a hospital of $2467, on average? 
By reducing the rate of infection, ZINACEF can help 
reduce these losses. 


l. Slama TG, Sklar SJ, Misinski J, et al: Randomized comparison of cefamandole, cefazolin, and cefuroxime 
prophylaxis in open-heart surgery. Antimicrob Agents Chemother 1986;29:744-747 

2. Haley RW, White JW, Culver DH, et al: The financial incentive for hospitals to prevent nosocomial infections 
under the prospective payment system. JAMA 1987.257:16I1-1614 
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LINACEF 1 swo 


sterile cefuroxime sodium 


Brief summary. Before prescribing, consult complete Prescribing Information. 


INDICATIONS AND USAGE: ZINACEF® is indicated for the treatment of patients with infections caused by suscep- 

tible strains of the designated organisms in the following diseases. 

1. Lower Respiratory Tract Infections, including pneumonia, caused by S pneumoniae (formerly D pneumoniae), H 
influenzae (including ampicillin-resistant strains), Klebsiella sp, S aureus (penicillinase- and non-penicillinase-pro- 
ducing), S pyogenes, and E coli. 

2. Urinary Tract Infections caused by £ coli and Klebsiella sp. 

3. Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase-producing), S pyogenes, 
E coli, Klebsiella sp, and Enterobacter sp. 

4. Septicemia caused by S aureus (penicillinase- and non-penicillinase-producing), S pneumoniae, E coli, H influenzae 
(including ampicillin-resistant strains), and Klebsiella sp. 

5. Meningitis caused by S pneumoniae, H influenzae (including ampicillin-resistant strains), N meningitidis, and S aureus 
(penicillinase- and non-penicillinase-producing) 

6. Gonorrhea: Uncomplicated and disseminated gonococcal infections due to N gonorrhoeae (penicillinase- and non- 
penicillinase-producing strains) in both males and females. 

7. Bone and Joint Infections caused by S aureus (including penicillinase- and non-penicillinase-producing strains) 
Clinical microbiological studies in skin and skin structure infections frequently reveal the growth of susceptible 

strains of both aerobic and anaerobic organisms. ZINACEF has been used successfully in these mixed infections in which 

several organisms have been isolated. Appropriate cultures and susceptibility studies should be performed to deter- 
mine the susceptibility of the causative organisms to ZINACEF 

Therapy may be started while awaiting the results of these studies; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. In certain cases of confirmed or suspected gram-positive or gram- 
negative sepsis or in patients with other serious infections in which the causative organism has not been identified, 
ZINACEF may be used concomitantly with an aminoglycoside (see PRECAUTIONS) The recommended doses of both 
antibiotics may be given depending on the severity of the infection and the patient's condition. 

Prevention: The preoperative prophylactic administration of ZINACEF may prevent the growth of susceptible disease- 

causing bacteria and thereby may reduce the incidence of certain postoperative infections in patients undergoing surgi- 

cal procedures (eg, vaginal hysterectomy) that are classified as clean-contaminated or potentially contaminated 
procedures. Effective prophylactic use of antibiotics in surgery depends on the time of administration. ZINACEF® (sterile 
cefuroxime sodium, Glaxo) should usually be given one-half to one hour before the operation to allow sufficient time to 
achieve effective antibiotic concentrations in the wound tissues during the procedure. The dose should be repeated 
intraoperatively if the surgical procedure is lengthy. 

Prophylactic administration is usually not required after the surgical procedure ends and should be stopped within 24 
hours. In the majority of surgical procedures, continuing prophylactic administration of any antibiotic does not reduce 
the incidence of subsequent infections but will increase the possibility of adverse reactions and the development of 
bacterial resistance, 

The perioperative use of ZINACEF nas also been effective during open heart surgery for surgical patients in whom 
infections at the operative site would present a serious risk. For these patients it is recommended that ZINACEF therapy 
be continued for at least 48 hours after the surgical procedure ends. If an infection is present, specimens for culture 
should be obtained for the identification of the causative organism and appropriate antimicrobial therapy should be 
instituted 


CONTRAINDICATIONS: ZINACEF® is contraindicated in patients with known allergy to the cephalosporin group of 
antibiotics. 


WARNINGS: BEFORE THERAPY WITH ZINACEF® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
MINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICIL- 
LINS. OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM 
OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO ZINACEF OCCURS, DISCONTINUE THE DRUG 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES, 

Pseudomembranous colitis has been reported with the use of cephalosporins (anc other broad-spectrum antibiotics); 
therefore, it is important to consider its diagnosis in patients who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of clostridia. 
Studies indicate a toxin produced by C difficile is one primary cause of antibiotic-associated colitis. Cholestyramine and 
colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed with 
fluid, electrolyte, and protein supplementation as indicated. 

When the colitis is not relieved by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice 
for antibiotic-associated pseudomembranous colitis produced by C difficile. Other causes of colitis should also be 
considered 


PRECAUTIONS: Although ZINACEF® rarely produces alterations in kidney function. evaluation of renal status during 
therapy is recommended, especially in seriously ill patients receiving the maximum doses. Cephalosporins should be 
given with caution to patients receiving concurrent treatment with potent diuretics as these regimens are suspected of 
adversely affecting renal function 

The total daily dose of ZINACEF should be reduced in patients with transient or persistent renal insufficiency because 
high and prolonged serum antibiotic concentrations can occur in such individuals from usual doses 

As with other antibiotics, prolonged use of ZINACEF may result in overgrowth of nonsusceptible organisms. Careful 
observation of the patient is essential. If superinfection occurs during therapy, appropriate measures Should be taken 

Broad-spectrum antibiotics should be prescribed with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics and 
cephalosporins 
Interference with Laboratory Tests: A false-positive reaction for glucose in the urine may occur with copper reduction 
tests (Benedict's or Fehling’s solution or with Clinitest® tablets), but not with enzyme -based tests for glycosuria (eg, 
Tes-Tape®). As a false-negative result may occur in the ferricyanide test, it is recommenced that either the glucose oxi 
dase or hexokinase method be used to determine blood plasma glucose levels in patients receiving ZINACEF 

Cefuroxime does not interfere with the assay of serum and urine creatinine by the alkaline picrate method 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Although no long-term studies ir animals have been performed 
to evaluate carcinogenic potential, no mutagenic potential of cefuroxime was found in standard laboratory tests 

Reproductive studies revealed no impairment of fertility in animals 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have beer performed in mice and rabbits 
at doses up to 60 times the human dose and have revealed no evidence of impaired fertility or harm to the fetus dueto 
cefuroxime. There are, however, no adequate and well-controlled studies in pregnant women. Because animal reproduction 
Studies are not always predictive of human response, this drug should be used during pregnancy only if clearly needed 
Nursing Mothers: Since ZINACEF is excreted in human milk, caution should be exercised when ZINACEF is administered 
to a nursing woman 
Pediatric Use: Safety and effectiveness in children below 3 months of age have not been established. Accumulation of 
other members of the cephalosporin class in newborn infants (with resulting prolongation of drug half-life) has been 
reported 


ADVERSE REACTIONS: ZINACEF® is generally well tolerated. The most common adverse effects have been local 
reactions following intravenous administration. Other adverse reactions have been encountered only rarely. 

Local Reactions: Thrombophlebitis has occurred with intravenous administration in 1 in 60 patients 

Gastrointestinal: Gastrointestinal symptoms occurred in 1 in 150 patients and included diarrhea (1 in 220 patients) and 
nausea (1 in 440 patients). Symptoms of pseudomembranous colitis can appear during or after antibiotic treatment 
Hypersensitivity Reactions: Hypersensitivity reactions have been reported in less than 1% of the patients treated with 
ZINACEF and include rash (1 in 125). Pruritus, urticaria, and positive Coombs test each occurred in less than 1 in 250 
patients, and, as with other cephalosporins. rare cases of anaphylaxis, erythema multiforme, and Stevens-Johnson 
syndrome have occurred. 

Blood: A decrease in hemoglobin and hematocrit has been observed in 1 in 10 patients and transient eosinophilia in 1 in 
14 patients. Less common reactions seen were transient neutropenia (less than 1 ın 100 patients) and leukopenia (1 in 
750 patients). A similar pattern and incicence was seen with other cephalosporins used in controlled studies 

Hepatic: Transient rise in SGOT and SGPT (1 in 25 patients), alkaline phosphatase (1 ın 50 patients), LDH (1 in 75 patients), 
and bilirubin (1 ın 500 patients) levels has been noted 

Kidney: Elevations in serum creatinine and/or blood urea nitrogen and a decreased creatinine clearance have been 
observed, but their relationship to cefuroxime is unknown. 


HOW SUPPLIED ZINACEF® is a dry, white to off-white powder supplied in vials and infusion packs 
Each vial contains cefuroxime sodium equivalent to 750 mg. 1.5 g, or 75 gof cefuroxime. ZINACEF in the dry state 
should be stored between 15° to 30°C (59° to 86°F), and protected from light 
NDC 0173-0352-31 750-mg Vials (Tray of 25) 
NDC 0173-0354-35 1.5-g Vials (Tray of 25) 
NDC 0173-0353-32 750-mg Infusion Pack ( Tray of 10) 
NDC 0173-0356-32 1.5-g Infusion Pack (Tray of 10) 
NDC 0173-0400-00 7.5-g Pharmacy Bulk Package (Tray of 6) 


Glaxo Glaxo Inc., Research Triangle Park, NC 27709 
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Fact and Fiction About Management of 


Aortic Transection 
Kenneth L. Mattox, MD 


Department of Surgery, Baylor College of Medicine, Houston, Texas 


uring the past 25 years, The Annals of Thoracic Surgery 

has contained more than 65 articles on issues sur- 
rounding blunt injury to the thoracic aorta. Incidence, 
prehospital management, emergency center manage- 
ment, technique of aortography, and natural history are 
covered in more than 800 published articles and book 
chapters. Although each year 8,000 persons in the United 
States sustain this injury, surgeons in most major trauma 
centers will see very few patients with this injury. Each 
thoracic surgeon will rarely, if ever, operate on patients 
with acute injury to the thoracic aorta. Even in series from 
large university centers, fewer than 50 cases are usually 
cited covering up to 20 years experience of six to ten 
different surgeons. 

During the past 15 years, evolutionary concepts have 
polarized thoracic surgeons and unfortunately inspired 
lawyers to pursue these types of cases. Repeatedly quoted 
platitudes not supported by controlled studies include the 
following. 


1. Shunting prevents paraplegia. 

2. Use of shunting techniques will prevent a lawsuit, 
even if paraplegia occurs. 

3. The longer the clamp time, the greater the incidence of 
paraplegia. 

4. If the clamp time is anticipated to exceed 30 minutes, 
then some type of shunting should be used. 

5. Clamp times less than 30 minutes reduce the incidence 
of paraplegia. 

6. Somatosensory evoked potentials and motor evoked 
potentials predict which patients will develop paraple- 
gia. 

7. Use of a shunt or a pump “simplifies the operation,” 
and is recommended for the surgeon who only occa- 
sionally operates on a traumatic tear of the thoracic 
aorta. 


The patient seen at an emergency or trauma center and 
ultimately found to have a thoracic aortic injury poses 
special problems. This patient has multisystem injuries, 
each of which must be evaluated individually and then in 
totality with other injuries. The treating physician is faced 
with a negative result, even before any health care eval- 
uator treats the patient. At the onset, outcome is ad- 
versely affected by several factors. 


1. This injury usually occurs late at night when staffing 
and support personnel are not optimal. 
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2. The inadequate distribution of designated trauma cen- 
ters across the United States causes patients with this 
injury often to be taken to a center unaccustomed or 
ill-equipped to provide optimal evaluation and care. 
This is not the fault of the hospital, but rather the fault 
of society and legislative bodies who have not seen fit 
to develop trauma systems or appropriate funds to 
adequately support this need. 

3. Rarely will an individual surgeon have experience in 
the management of more than a few such injuries. 


No published series prospectively compares or random- 
izes the various perioperative monitoring and technical 
aspects of the surgical management. Even in the article in 
this issue by Hess and associates [1], the three techniques 
were not performed during the same time period and 
were analyzed retrospectively. Due to numerous concom- 
itant advances in operative techniques and medications, 
one must be very careful in drawing conclusions from 
retrospective historical controls. 

In only 4 of the 31 cases presented in the article by Hess 
and associates was repair accomplished in 30 minutes or 
less. The average clamp time in the Houston series of 
acute aortic injuries was 38 minutes, with the longest 
being 65 minutes. Both the length of the clamp time 
required to achieve repair and the complication (and 
death rate) are functions of the complexity of the injury 
rather than the technical expertise of the surgeon. The 
frequently repeated statement that a clamp time greater 
than 30 minutes requires a shunt or a pump to “protect 
the patient from paralysis and the surgeon from lawsuit” 
is a fallacy. In a careful analysis of the composite data 
available from the literature, it is clear that both the 
30-minute “golden period” and the protective potential of 
shunts and pumps are overstated and overemphasized. 
Cases of no paraplegia subsequent to clamp times in 
excess of 110 minutes (or even permanent total exclusion 
of the thoracic aorta) have been documented. Further- 
more, paraplegia has been reported to occur after clamp 
times less than 30 minutes. Obviously, the etiology of 
paraplegia must rest with multifactorial causes other than 
clamp times, perioperative clamp, shunt, or pump man- 
agement, or even monitoring techniques. Undoubtedly, 
the patient's individual anatomy contributes substantially 
to the incidence of this complication. Despite early hopes 
that either technical maneuvers or monitoring techniques 
would help to reduce its incidence after thoracic aortic 
operations, a 5% to 7% paraplegia rate persists. 

Reforms concerning the definition of an expert witness 
are necessary. So-called experts include retired surgeons 
with very little total (and especially recent) experience 


2 EDITORIAL MATTOX 
AORTIC TRANSECTION 


with acute traumatic aortic transection. The suggestion 
that an expert witness be defined as one who has been in 
active practice for at least 75% of the time during the past 


2 years in the same specialty as the defendant is not only ` 


logical, but essential to a fair judicial process. 

The perpetual arguments on the merits or demerits of 
clamp/repair, temporary shunts, or cardiopulmonary by- 
pass are exceeded only by the endless debates surround- 
ing motor or sensory neurological evoked potentials. In 
truth, neither of these debates has clear, direct bearing on 
the usual acute traumatic transection of the thoracic aorta. 
` None of these techniques should be condemned or cham- 
pioned. Excellent recent studies using each have been 
published. Each should be considered a standard; how- 
ever, none of the techniques should be mandated. For 
acute trauma, the evoked potentials possibly have no 
practical utility. The use of the centrifugal pumps as 
suggested by Hess and associates is a variation of other 
pump bypasses with the advantage of not requiring 
systemic heparinization. With the current knowledge 
base, use of centrifugal pumps should not replace other 
equally successful nationally accepted techniques. 

-It is imperative that both surgeons and attorneys rec- 
ognize the ever changing and advaricing nature of trauma 
treatment. Currently, the use of any temporary bypass 
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shunt, “fast” surgery, intraluminal grafts, primary repair, 
neuroplegic solutions (including hypothermia), soma- 
tosensory evoked potentials, motor evoked potentials, 
bypass pumps, spinal fluid pressure monitoring, spinal 
fluid removal, injection of paperverine hydrochloride into 
the spinal fluid, simple clamp/repair techniques, preoper- 
ative radicular artery angiography, or any other tech- 
niques have not “protected” the patient from this dread 
complication. 

Doctor Hess and his associates are to be congratulated 
for presenting their small series of patients successfully 
managed with a relatively new adaptation of older tech- 
nology. Their article should be put into the total perspec- 
tive as one acceptable approach to an extremely complex 
injury. It should not be quoted as establishing the ‘‘pre- 
ferred” or “standard” technique. To mandate a specific 
form of established therapy through court decisions could 
deny future patients the ability to have state-of-the-art 
interventions. 
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The Arterial Switch Procedure for the Neonate: 


Coming of Age 


Hillel Laks, MD 


Cardiathoracic Surgery, UCLA Medical Center, Los Angeles, California 


Ov of the most interesting chapters in the history of 
surgery for congenital heart disease has been the 
evolution of the arterial switch procedure in the treatment 
of transposition of the great arteries. The article by Dr Carl 
Backer and his associates in this issue [1] adds to our 
knowledge of a relatively new surgical procedure. 

The stimulus for the application of the arterial switch 
procedure to simple transposition in the neonate was 
concern, with the long-term results of the intraatrial baffle 
repair. These concerns were confirmed to some extent by 
two recent landmark articles on the Mustard and Senning 
operations. Williams and associates [2] from the Hospital 
for Sick Children, Toronto, “home” of the Mustard pro- 
cedure, in a report with a 20-year follow-up showed that 
the operation could be done with a very low early mor- 
tality of only 1% and with a late mortality of only 5%. 
Arrhythmias, however, were common, with only 59% of 
patients in sinus rhythm at 10 years. Tricuspid regurgita- 
tion occurred in 4% of patients, and clinically significant 
right ventricular d ysfunction in 10%. Baffle obstruction or 
leak requiring reoperation occurred in 10%. In another 
landmark article from the University Hospital, Zurich, 
“home” of the Senning procedure, Turina and co-workers 
[3] reported on the long-term follow-up of the Senning 
procedure. They found a 95% long-term. survival at 9 
years in patients operated on after 1978 for simple trans- 
position. Reoperation was necessary in 6% and pace- 
maker insertion was required in 8% at 10 years. Tricuspid 
regurgitation occurred in 4%. Sudden death and late heart 
failure occurred in 3%. These two reports confirm. the 
long-term sequelae and concerns about right ventricular 
function in patients undergoing intraatrial baffle repair for 
simple transposition. In addition, it is important to note 
that there is a mortality between birth and the perfor- 
mance of the intraatrial baffle repair that was 9.6% in the 
Toronto group’s experience [2] and 5% in that of Backer 
and associates [1]. This must be added to the relatively 
low operative mortality, which has been orie of the 
strongest arguments for the intraatrial baffle repair. 

The arterial switch procedure for the neonate was first 
reported in 1982 [4], but was initially associated with a 
high operative mortality. Castaneda and associates [5] 
reported the first series with an acceptable operative 
mortality. Since then, several:groups have reported excel- 
lent results with this innovative approach of immediate 
correction in the newborn. 

Backer and associates [1] provide an interesting com- 
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parison of the arterial switch procedure and the Mustard 
operation for simple. transposition performed in the first 3 
months of life. The operative mortality was similar at 8.7% 
and 8.1% for the Mustard and switch procedures, respec- 
tively. It is not clear from the paper if the Mustard 
procedure was done electively at this early age (42 + 31 
days) or if some of these were infants doing poorly after 
balloon septostomy. The Toronto group [2] and others 
have shown that in older infants a mortality of 1% to 2% 
can be achieved. The experience with the arterial switch 
reported by the Congenital Heart Surgeons Society [6] 
indicates that there is a learning curve for this delicate 
operation and that a mortality of 5% to 10% can be 
achieved by an experienced group; however, in centers 
with a small experience, the mortality was 50%. It should 
be pointed out that in the so-called low-risk institutions, 
there was no difference in survival at 1 year between the 
arterial and atrial switch procedures. 

The intermediate-term results reported by Backer and 
associates are similar to those reported by the group from 
Boston Children’s Hospital [7]. Systemic ventricular ejec- 
tion fraction was 98% + 6% in patients undergoing 
arterial switch compared with 79% + 15% in those having 
the Mustard procedure, and late arrhythmias occurred in 
only 3% of the former group versus 57% of the latter. Late 
survival with a follow-up of only 4.8 and 2.6 years, 
respectively, was similar. In the patients reported by the 
Boston Children’s Hospital group [7], the early mortality 
was 7.4% in the last 2.5 years versus 13% over 5 years. 
Late reoperation for pulmonary stenosis was required in 5 
of 49 patients (10%) followed for 29 months and 14% had 
occlusion of the left anterior descending coronary artery, 
despite which there was normal left ventricular function. 
Again, in both centers those children undergoing the 
arterial switch as neonates avoid the substantial early 
mortality between septostomy and delayed arterial 
switch. 

The early and intermediate-term results of the arterial 
switch procedure continue to support its use as the 
procedure of choice for simple transposition in the neo- 
nate in those institutions that can achieve an operative 
mortality of between 5% and 10%. The long-term results 
are so far not available. Possible future problems include 
late aortic and pulmonary anastomotic stenosis requiring 
reoperation, coronary ostial stenosis, which could cause 
sudden death, and late aortic regurgitation. Meanwhile, 
the ability to do a complete anatomical repair for a 
complex lesion in the newborn stands as a major achieve- 
ment in the annals of cardiac surgery. 
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Cryoanalgesia for Postthoracotomy Pain 


Jordan Katz, MD 


Department of Anesthesiology, University of California at San Diego, San Diego, California 


ryoanalgesia is an effective method of producing 
prolonged somatic nerve analgesia. When used for 
postthoracotomy pain management it must be remem- 
bered that cryoanalgesia is nothing more than a pro- 
longed somatic nerve block. The pain after thoracotomy is 
a compilation of several factors: incisional pain, pain 
secondary to interruption of muscular and ligamentous 
structures by the retractor, and pain of plural irritation 
usually secondary to the chest tube. It is therefore appar- 
ent that cryoanalgesia in and of itself cannot provide 100% 
pain relief, although in one series complete pain relief was 
noted in close to 8)% of patients so managed [1]. 

In this issue, the paper by Miiller and associates [2] 
questions the efficacy of cryoanalgesia for postthoracot- 
omy pain. Why the disparency in results? First one has to 
look at the technique of cryoanalgesia. It is necessary for 
the cryoprobe to be in contact with and freeze the nerve to 
a sufficient degree that a cryogenic lesion occurs. The 
characteristics of a cryogenic lesion, which can only be 
determined histologically, are changes in tissue osmolar- 
ity, increase in cell wall permeability, physical disruption 
of the myelin sheath, and vascular changes producing 
cellular extravasation. However, the support structure of 
the nerve remains intact, allowing nerve regrowth to 
occur within normal anatomical channels [3]. 

Apparently this technical aspect was done correctly. 
However, it is also necessary to have the chest tube 
emerge through the blocked dermatomes in the chest 
wall. In this study the chest tube came out either below or 
above where the cryoprobe was applied. The fact that the 
patient had a numb incision area did not prevent him or 
her from feeling this discomfort. Clinical experience has 
proven that just relieving one of several sites of pain that 
a patient might have in essence does nothing to diminish 
the need for medication. This is exactly what Müller and 
associates found. 

Müller and associates also noted no differences in pain 
secondary to motility or peak expiratory flow after cryo- 
analgesia. This is similar to what my colleagues and I have 
reported [4]. The reasons, of course, have to do with the 
other painful aspects of the postthoracotomy syndrome. 
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When one goes from lying to sitting or tries an effort- 
dependent pulmonary function measurement such as 
peak expiratory flow, pain will be enhanced. One study 
[5] did note a 60% decrease in postoperative atelectasis 
rate in patients with cryoanalgesia versus conventional 
therapy. However, even these results must be ques- 
tioned, as pulmonary function testing and blood gases 
were not obtained to confirm the diagnosis. 

Perhaps the most disturbing portion of the paper by 
Müller and associates was the incidence of postthoracot- 
omy dysesthesias, which started 6 weeks postoperatively. 
I have heard others talk of this complication, although in 
our experience we have had only 1 such case that I am 
aware of. One asks the question, however, whether the 
dysesthesias are secondary to the cryolesion because the 
histological studies, done on animals, show restoration of 
function without the presence of neuromas. Nerve regen- 
eration appears normal. One explanation for postthora- 
cotomy dysesthesias is that once the cryolesion block 
begins to dissipate the injury done to nerves during the 
operation may become apparent. Another possibility is 
that the reported dysesthesias are nothing more than an 
exaggerated Tinel’s sign seen when nerves regenerate. 
Why there is such a high incidence in the paper by Müller 
and associates J am not certain. 

Cryoanalgesia is an integral part of our postthoracot- 
omy management. We, in addition, use epidural narcotic 
administration for the first couple of days postoperatively 
to cover other aspects of the postthoracotomy pain syn- 
drome. Observation of these patients in the postanes- 
thetic or intensive care units and on the ward reveals that © 
patients are almost devoid of serious postoperative pain. 


References 


1. Maiwand MO, Makey AR. Cryoanalgesia for relief of pain 
after thoractomy. J Thorac Cardiovasc Surg 1986;92:291-5. 

2. Miller LC, Salzer GM, Ransmayr G, Neiss A. Intraoperative 
cryoanalgesia for postthoracotomy pain relief. Ann Thorac 
Surg 1989;48:15-8. 

3. Meyers RB, Powell HC, Heckman HM, et al. Biophysical and 
pathological effects of cryogenic nerve lesion. Ann Neurol 
1985;10:478-85. 

4. Katz J, Nelson W, Forrest R, et al. Cryoanalgesia for posttho- 
racotomy pain. Lancet 1980;1:512-3. 

5. Maiwand MO, Makey AR. Cryoanalgesia for relief of pain 
after thoracotomy. Br Med J 1981;282:1749-50. 


Ann Thorac Surg 1989;48:5 + 0003-4975/89/$3.50 


ORIGINAL ARTICLES 


Traumatic Tears of the Thoracic Aorta: 
Improved Results Using the Bio-Medicus Pump 


Philip J. Hess, MD, Harold R. Howe, Jr, MD, Francis Robicsek, MD, 
Harry K. Daugherty, MD, Joseph W. Cook, MD, Jay G. Selle, MD, and 


R. Mark Stiegel, MD 


Department of Thoracic and Cardiovascular Surgery and Heineman Medical Research Laboratory at Charlotte Memorial Hospital 


and Medical Center, Charlotte, North Carolina 


Traumatic disruption of the descending thoracic aorta is 
a relatively rare but dramatic injury. Controversy re- 
mains regarding the use of shunts during operative 
repair. Discouraged by our results using the “no shunt” 
technique, we adopted the recently reported technique 
using the Bio-Medicus pump for left atrium—femoral 
artery bypass without heparin sodium. At Charlotte 
Memorial Hospital and Medical Center, 39 patients were 
treated for tears of the descending thoracic aorta between 
January 1979 and October 1988. Eight patients died 
before repair could be completed. Four patients under- 
went repair using femorofemoral bypass with 1 death 


di Geiser disruption of the descending thoracic aorta is 
an infrequently encountered but potentially lethal 
injury. The techniques of patient management are gener- 
ally agreed on, but controversy persists regarding the 
surgical techniques; specifically, to shunt or not to shunt. 

The report by Oliver and associates [1] describing their 
results with use of the Bio-Medicus centrifugal pump 
(Bio-Medicus, Eden Prairie, MN) led us to adopt their 


technique. Impressed with our seemingly better results _ 


with this method compared with previous techniques, we 
conducted a retrospective review of all patients with 
traumatic injuries of the descending thoracic aorta seen at 
Charlotte Memorial Hospital and Medical Center since 
January 1979. 


Material and Methods 


Between January 1, 1979, and October 1, 1988, 39 patients 
were treated for traumatic injuries of the descending 
thoracic aorta. They ranged in age from 16 to 70 years with 
a mean age of 32 years. There were 29 male and 10 female 
patients. Twenty-six patients were transferred to Char- 
lotte Memorial Hospital from surrounding hospitals 
within a radius of 112 km. Thirteen patients were taken 
directly to our emergency room from the scene of the 
accident. Thirty patients were injured in automobile acci- 
dents, 4 in falls, 3 in motorcycle accidents, 1 as a pedes- 
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and no instances of paraplegia. Fifteen patients had 
repair using the no-shunt technique with 4 deaths and 
three instances of paraplegia. Since January 1986, 12 
patients have been treated using the Bio-Medicus hep- 
arinless pump with no deaths and no instances of para- 
plegia. We present our experience to confirm the reports 
of others regarding the efficacy of this technique. We 
believe it reduces the morbidity and mortality associated 
with this serious injury and aids in the hemodynamic 
management of the patient during aortic clamping. 


(Ann Thorac Surg 1989;48:6-9) 


trian, and.1 after striking a tree limb while riding horse- 
back. 

The patients were divided into four groups based on 
the method of treatment. Group 1 included 8 patients 
who did not undergo grafting. They died before it could 
be completed. Group 2 included 4 patients operated on 
with the aid of femorofemoral bypass. Group 3 comprised 
15 patients operated on without the aid of a shunt and 
Group 4, 12 patients having operation with the aid of left 
atrium—femoral artery bypass using a Bio-Medicus pump 
without heparin sodium. 

All patients were managed with careful attention pre- 
operatively to acid-base balance, volume status, and res- 
piratory variables. Control of intraabdominal bleeding 
took precedence over arteriography or thoracotomy. 
Computed tomography was performed before thoracot- 
omy if intracranial bleeding was suspected. Double- 
lumen endotracheal tubes were used in all patients, and 
right radial artery lines were inserted for blood pressure 
measurement. The Haemonetics Cell Saver system was 
used in all procedures. Patients treated with femorofem- 
oral bypass or left atrium—femoral artery bypass also had 
right femoral artery lines placed. Roller pumps, systemic 
heparin, and bubble oxygenators were used for femoro- 
femoral bypass. 

In group 4 patients, the left common femoral artery was 
exposed before thoracotomy. After thoracotomy, an inci- 
sion in the pericardium anterior to the phrenic nerve was 
utilized to expose the left atrial appendage, which was 
encircled with a pursestring suture. A 28F or 32F wired 
venous cannula was inserted into the left atrial append- 
age, and the Bio-Medicus pump head was primed by 
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Table 1. Causes of Death in 8 Patients Who Died Before 
Grafting Could Be Completed 


No. of 


Cause Patients 





Closed head injury 1 

Failure to gain proximal control 2 

Ventricular fibrillation during thoracotomy 1 

Combined hemoperitoneum and 3 
hemothorax with exsanguination 


Exsanguination into right chest during left 1 
thoracotomy 


gravity drainage. The femoral artery connection was com- 
pleted, and the pump flow was initiated at 1.0 to 1.5 L/ 
min and increased to as high as 3 L/min during clamping. 
Mean pressures in the lower extremities were kept at 50 to 
70 mm Hg. Upper extremity pressure was maintained at 
normal levels by increasing or decreasing pump flow. 
Dacron grafts with end-to-end anastomoses were inserted 
in all 31 patients in groups 2 through 4. 


Results 


All 8 patients in group 1 died before grafting could be 
completed. The cause of death is summarized in Table 1. 
The patient with the severe head injury never underwent 
operation, and was pronounced brain dead 48 hours after 
injury. The remaining 7 patients died during thoracotomy 
or combined laparotomy and thoracotomy of exsanguina- 
tion (6 patients) and ventricular fibrillation (1 patient). 

The 4 patients in group 2 underwent operation with 
femorofemoral bypass and full heparinization. A 79-year- 
old man died of low cardiac output, cardiac arrhythmias, 
and coagulopathy within 48 hours after operation. The 
remaining patients survived without neurological prob- 
lems. 

Table 2 summarizes the complications in groups 3 and 
4. If the 4 patients in group 2 are combined with the 12 
patients in group 4, there was but 1 death and no cases of 
paraplegia or renal failure among the 16 patients with a 
shunt. Among the 15 patients without a shunt (group 3), 
there were 4 deaths, 3 cases of paraplegia, and 4 cases of 


Table 3. Causes of Death in Patients Receiving a Graft 


HESS ET AL 7 
TRAUMATIC TEARS OF THORACIC AORTA 


Table 2. Complications in Groups 3 and 4 


No Shunt 
(n = 15) 


Bio-Pump 


Complication (n = 12) 


Death 

Paraplegia 

Renal failure 
Respiratory failure 
Sepsis 


ann -. FW 
Rar WO OO OD 


None 


renal failure. Three of the 4 patients with renal failure 
required dialysis, and only 1 survived. The cause of death 
in the patients receiving a graft is shown in Table 3. 

Aortic cross-clamp times were evaluated. Longer clamp 
times were associated with more serious complications, 
but more importantly, only 4 of the 31 patients underwent 
repair in 30 minutes or less (Table 4). The clinical features 
of the 8 patients with clamp times of 51 minutes or longer 
were evaluated and are summarized in Table 5. Among 
these 8 patients, 3 of the 4 without a shunt died compared 
with only 1 of 4 operated on with the aid of a shunt. 

The 3 patients with paraplegia (group 3) had clamp 
times of 28, 38, and 60 minutes. There were 2 additional 
patients with paraparesis (clamp times, 26 and 33 min- 
utes), but both had had a previous laminectomy and 
symptoms of paresis involving the lower extremities. 

The overall mortality in our series was 33% (13/39). Six 
(67%) of 9 patients aged 60 years or older died, and 4 of 
these 6 were injured in falls from rooftops or trees. Five 
(16%) of the 31 patients with a graft died, and 4 (27%) of 
the 15 patients without a shunt died. Associated injuries 
were similar for all patients undergoing grafting. 


Comment 


The morbidity and mortality associated with traumatic 
injuries of the thoracic aorta are generally related to the 
severity of the injury. For patients who reach the hospital 
and undergo operative repair, it has been stated that 
repair without a shunt can be expected to produce results 








Cause of Death 





Patient Age Clamp Time 
No. (yr) Shunt (min) 
6 40 None 51 
7 37 None 90 
13 79 Femorofemoral 52 
bypass 
15 73 None 70 
37 67 None 35 


Multiple-organ failure, renal failure (dialysis), 
respiratory failure 


Multiple-organ failure, renal failure (dialysis), cardiac 
arrest during clamping 


Low cardiac output, cardiac arrhythmias, 
coagulopathy; reexplored for bleeding 


Closed head injury; pronounced dead 48 h after repair 


Intraabdominal and pulmonary sepsis, perforated 
duodenal ulcer and gangrenous gallbladder (mild 


renal failure) 
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Table 4. Clamp Times and Complications in 31 Patients 


Clamp Time No. of 

(min) Patients Complications 

21-30 4 Death, 1; paraplegia, 1; 
renal failure, 0 

31-40 9 Death, 1; paraplegia, 1; 
renal failure (mild), 1 

41-50 10 Death, 0; paraplegia; 0; 
renal failure, 0 

51-60 3 Death, 2; paraplegia, 1; 
renal failure, 2 

61-120 5 Death, 2; paraplegia, 0; 


renal failure, 1 


equal to those obtained with a shunt if the clamp time is 
approximately 30 minutes or less [2-4]. 

Our experience indicates that in this group of critically 
ill patients, unexpected events such as cardiac arrhyth- 
mias and fibrillation, technical difficulties with extensive 
proximal injury, and unexpected blood loss can lead to 
prolongation of the aortic cross-clamp time. Preoperative 
hypotension, shock, blood loss, and pulmonary dysfunc- 
tion increase the susceptibility of organs to further isch- 
emia induced by cross-clamping. Renal and hepatic fail- 
ure and, in some instances, paraplegia can be expected to 
occur even without interruption of critical collaterals dur- 
ing repair. In our series, only 4 of 31 patients underwent 
repair in less than 30 minutes. The average clamp time for 
patients having operation without a shunt was 43 minutes 
and for patients operated on with a shunt, 48 minutes. 
Because of these findings, we, like others [1], now favor 
left atrium—femoral artery bypass rather than the no shunt 
technique. Although excellent results have been obtained 
with the use of femorofemoral bypass with systemic 
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heparinization [5], the risk of bleeding, especially in 
patients with serious intracranial injuries and large retro- 
peritoneal hematomas, makes it potentially more danger- 
ous. 

Two excellent reviews [4, 6] regarding spinal cord 
ischemia suggest that multiple factors contribute to cord 
ischemia. These include hypotension, simple aortic 
clamping, increased cerebrospinal fluid pressure, and 
sacrifice of important intercostal collaterals. All but the 
last can be favorably influenced by maintenance of ade- 
quate flow and pressure to the distal aorta and prevention 
of upper extremity hypertension by mechanical rather 
than pharmacological unloading. If one assumes that all 
cases of paraplegia following repair of descending tho- 
racic aortic injuries are related to interruption of critical 
spinal cord blood supply, then shunting would be of no 
value. We are not convinced that this is the case; there- 
fore, measures to enhance the blood flow and pressure to 
the occluded aorta seem indicated. 

The Bio-Medicus centrifugal pump and left atrium- 
femoral artery bypass have been shown both clinically [1] 
and experimentally [7] to provide easily regulated flow 
and pressure to the clamp-occluded distal aorta. The 
pump is inflow dependent and resistance dependent, and 
does not require a reservoir. Also, attempts in our labo- 
ratory to pump air through the system were unsuccessful. 

Although the measurement of somatosensory evoked 
potentials has not been shown to alter the outcome of 
operations for thoracic and thoracoabdominal aneurysms 
[8], it has proved helpful in detecting spinal cord ischemia 
[9]. False-negative and false-positive results have been 
noted as well as their alteration by specific anesthetic 
agents. The development of techniques for assessment of 
anterior spinal cord function (motor evoked potentials) 
combined with maintenance of lower extremity perfusion 
should enable the surgeon to detect those patients who 


Table 5. Outcome for 8 Patients With Prolonged Cross-Clamp Times 


Patient Age Clamp Time 
No. (yr) (min) Shunt Outcome 
4 71 60 None Alive: paraplegia, renal failure (dialysis), 
` respiratory failure (prolonged ventilation) 
6 40 51 None Death: renal failure, dialysis, pulmonary 
failure 
7 37 90 None Death: renal failure, multiple-organ failure, 
‘ sepsis, hepatic failure, dialysis, cardiac 
arrest during clamping 
13 79 52 Femorofemoral Death: low cardiac output, cardiac 
bypass _ arrhythmias, coagulopathy 
15 73 70 None Death: brain death 48 h after operation, 
neurologic function never tested 
20 21 93 Femorofemoral Alive: no major complications 
bypass 
23 26 120 Bio-Medicus Alive: ventricular fibrillation during 
clamping, difficult proximal repair, 
multiple-system injuries 
28 55 63 Bio-Medicus Alive: vocal cord paralysis, 6 days on 


ventilator 
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have ischemia during clamping and require rapid restora- 
tion of flow or reimplantation of critical collaterals [6]. 
These measures have not been effective to date, especially 
in patients with traumatic injuries. 

The complete prevention of paraplegia may not be 
possible. Past attempts to prolong the safe period of 
ischemia by the use of hypothermia [10] were associated 
with complications that prevented their acceptance. Re- 
cent experimental work [7] involving the Bio-Medicus 
centrifugal pump and regional hypothermia seems very 
promising. l 

Primary repair of thoracic aortic injuries has been ad- 
vocated in an effort to reduce clamp time and avoid 
placement of prosthetic material [11, 12]. This is most 
easily accomplished in cases of incomplete transection of 
the aorta. In our experience, most injuries involve com- 
plete separation of the transected ends. Two patients with 
ascending aortic tears had quick and easy repair with this 
technique. Clamp times were short but of no conse- 
quence. 

In conclusion, we have found use of the Bio-Medicus 
centrifugal pump and left atrium-femoral artery bypass 
to be a safe and simple method of distal perfusion for 
operations on the thoracic aorta. The pump can be used 
without heparin and provides adequate blood flow and 
pressure to the distal aorta and intraabdominal organs. It 
is easily regulated and reduces upper body hypertension 
without the use of potentially harmful vasodilating 
agents. Combined with provisions to salvage lost blood, 
this technique provides the surgeon with the tools to deal 
with the difficult technical problems and unexpected 
events that frequently accompany these injuries. It also 
eliminates the sense of urgency that is present when no 
shunting procedures are used. 








This work was made possible by a grant from the Heineman 
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Transposition of the Great Arteries: A Comparison 
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Arterial Switch 


Carl L. Backer, MD, Michel N. Ilbawi, MD, Shigeaki Ohtake, MD, 
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Sixty infants with transposition of the great arteries and 
intact ventricular septum underwent primary surgical 
correction in the first 3 months of life. Twenty-three 
patients had a Mustard procedure (group 1) and 37 
patients, an arterial switch operation (group 2). The 
mean age at the time of repair was 42 + 31 days for group 
land 8 + 6 days for group 2 (p < 0.001). The mean weight 
at the time of repair was 3.6 + 0.7 kg for group 1 and 3.4 
+ 0.5 kg for group 2 (p = not significant). Operative 
mortality was 8.7% (2/23) in group 1 and 8.1% (3/37) in 
group 2 (p = not significant). The incidence of arrhyth- 
mias in the early postoperative period was 39% (9/23) in 
group 1 and 11% (4/37) in group 2 (p < 0.01). All patients 
were followed a meari of 4.8 + 2.4 years in group 1 and 
2.6 + 1.4 years in group 2 (p < 0.001). Postoperative 


A present, there are two options for surgical correc- 
tion in infants born with transposition of the great 
arteries and intact ventricular septum: a venous rerouting 
procedure such as a Mustard [1] or Senning [2] operation, 
or an arterial switch operation [3]. Although the trend in 
many institutions has been toward the arterial switch 
operation [4], others believe that venous rerouting is still 
the procedure of choice [5-7]. Because of this ongoing 
controversy, we elected to retrospectively compare our 
results obtained with the Mustard procedure versus the 
arterial switch operation. 

To assess two groups of patients who were most 
comparable, we chose to examine infants with complete 
transposition of the great arteries with intact ventricular 
septum who had one-stage physiological or anatomical 
correction within the first 3 months of life (100 days). The 
selection of this group was based on the recently reported 
excellent results with venous switch operations in this 
particular age group against which other techniques of 
transposition repair bear comparison [8, 9]. Specifically, 
we chose to compare early mortality, length of hospital 
stay, early and late results and complications, incidence of 
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catheterization has been performed in 86% (18/21). of 
group 1 operative survivors and 50% (17/34) of group 2 
operative survivors. Ejection fraction of the systemic 
ventricle was 79% + 15% of predicted normal in group 1 
and 98% + 6% in group 2 (p < 0.005). The incidence of 
late arrhythmias was 57% (12/21) in group 1 and 3% (1/34) 
in group 2 (p < 0.001). There have been 2 late deaths in 
group 1 and 1 late death in group 2 (p = not significant). 
The data suggest that the arterial switch operation has 
early and late mortality comparable with those of the 
Mustard operation but is superior in terms of signifi- 
cantly fewer arrhythmias and preservation of ventricular 
function, thus making it the procedure of choice for 
infants with transposition of the great arteries. 

(Ann Thorac Surg 1989;48:10-4) 


early and late arrhythmias, results of postoperative cath- 
eterization including ventricular function, and long-term 
mortality. 


Material and Methods 


Among 290 children with transposition of the great arter- 
ies treated surgically at The Children’s Memorial Hospital 
in Chicago from 1968 to 1988, 214 had the Mustard 
operation and 76, an arterial switch procedure. Sixty 
children were operated on within the first 3 months (100 
days) of life and had an intact ventricular septum or small 
ventricular septal defect not requiring closure at the time 
of repair, and they form the basis for this study. 

Twenty-three of the 60 infants had a Mustard operation 
(group 1) and 37, an arterial switch (group 2) (Table 1). All 
patients had primary repair without prior surgical pallia- 
tion or preparation. The same surgical team operated on 
both groups. All patients in group 1 had cardiac catheter- 
ization and balloon atrial septostomy before the Mustard 
operation, and 26% received prostaglandins. Twenty-nine 
(78%) of the 37 patients in group 2 had cardiac catheter- 
ization and balloon atrial septostomy before the arterial 
switch, and 92% received prostaglandins. Eight infants 
(22%) (7 of the last 9 in the series) in group 2 underwent 
operation on the basis of the preoperative echocardio- 
gram. 

For group 1, age at the time of repair ranged from 4 to 
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Table 1. Patient Population" 











Group 1, Group 2, 

Mustard Switch 
Variable (n = 23) (n = 37) p Value 
Male 18 (78) 28 (76) NSP 
Prostaglandin E, 6 (26) 34 (92) <0.005° 
Catheterization® 23 (100) 29 (78) NS? 
Age range (days) 4-96 1-34 
Mean age (days) 42+ 31 8 +6 <0.0014 
Mean weight (kg) 3.6 + 0.7 3.4 + 0.5 Ns? 








ê Numbers in parentheses are percentages. P This is by x? test. 
€ This means cardiac catheterization with balloon atrial septestomy. 
4 This is by two-tailed Student's t test. 


NS = rot significant. 


96 days (mean age, 42 + 31 days), and the mean weight 
was 3.6 + 0.7 kg. For group 2, age at the time of repair 
ranged from 1 to 34 days (mean age, 8 + 6 days), and the 
mean weight was 3.4 + 0.5 kg (p < 0.001 and p = not 
significant [NS], respectively, versus group 1). Seventy- 
eight percent of the patients in group 1 and 76% of the 
patients in group 2 were male. 

Results were analyzed using the two-tailed Student's ł 
test. A p value of less than 0.05 was considered signifi- 
cant. 


Results 


Early Results 

There were 2 operative deaths in group 1, a mortality rate 
of 8.7% (Table 2). The first patient who died (the 12th in 
the group) was a 17-day-old girl weighing 2.7 kg. Renal 
failure necessitating peritoneal dialysis developed postop- 


eratively, and she died on the ninth postoperative day of. 


peritonitis and sepsis. The second patient who died (the 
16th in the group) was a 3-month-old boy weighing 4.3 
kg. He had arrhythmias and low cardiac output, and died 
on the second postoperative day. At autopsy, thickened, 
stenotic tricuspid and’ mitral valves were found. 

In group 2 there were 3 operative deaths, a mortality 
rate of 8.1% (p = NS versus group 1). Two deaths 
occurred early (the eighth and tenth patients). The first 
patient who died was a 14-day-old boy weighing 2.5 kg 
(lowest weight in the series). He had poor ventricular 
function preoperatively (left ventricular ejection fraction, 
67% of predicted normal). Injury to the left coronary 
artery by a cardioplegia cannula contributec to the death. 
The second death occurred in a 7-day-old boy who 
weighed 3.2 kg. He died suddenly on the seventh post- 
operative day. The results of autopsy were not revealing. 
The third patient who died was a 3-day-old boy weighing 
2.6 kg whose left ventricular mass was only 65% of 
predicted normal and who required extraccrporeal mem- 
brane oxygenator support for seven days after operation. 
He died of sepsis on the 20th postoperative day. 

The length of postoperative hospital stay and incidence 
of arrhythmias, infections, and seizures are outlined in 
Table 2. In group 1, there were 3 patients (13%) with 
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postoperative atrial arrhythmias, 1 (4.3%) with ventricular 
arrhythmia, and 5 (22%) with atrioventricular dissocia- 
tion, a total incidence of early arrhythmias of 39%. In 
group 2, on the other hand, 2 patients (5%) had atrial 
arrhythmias and 2 had temporary atrioventricular disso- 
ciation, a total incidence of early arrhythmias of 11% (p < 
0.01 versus group 1). 

Four patients (17%) in group 1 had postoperative infec- 
tions. Two patients were given a course of antibiotics for 
positive blood cultures and a clinical diagnosis of sepsis. 
One patient had peritonitis and another, mediastinitis 
necessitating repeat sternotomy with debridement. In 
group 2, 2 patients (5%) had postoperative infections (p = 
NS versus group 1). One had a minor wound infection, 
and 1 had sepsis leading to death after extracorporeal 
membrane oxygenator support. 

Four patients (17%) in group 1 had postoperative sei- 
zures. In group 2, 11 patients (30%) had postoperative 
seizures (p = NS). In all instances, seizures were thought 
to be metabolic in origin and were easily controlled with 
anticonvulsants. None of these patients have long-term 
neurological sequelae except an infant who had an arterial 
switch and is developmentally delayed (the first patient 
operated on in this group, who had a stormy postopera- 
tive course). 


Late Results 


There have been 2 late deaths (9.5%) among the 21 
operative survivors in group 1 (Table 3). The ninth patient 
in the series was known to have right ventricular dilata- 
tion and intermittent atrioventricular dissociation with a 
junctional escape rhythm. He died suddenly at home 5 
years after repair. The 19th patient in the series had severe 
right ventricular dysfunction (right ventricular ejection 
fraction; 42% of predicted normal) and also died suddenly 
at home 1.5 years after repair. 

There has been 1 late death (3. 0%) among the 34 
operative survivors in group 2 (p = NS versus group 1). 
The second patient in the series had right bundle-branch 
block and died suddenly at home 3.5 years after opera- 
tion. 

The patients in group 1 have been followed for 1 to 9 
years. Patients in group 2 have been followed between 1 


Table 2. Early Results" 


Group 1, Group 2, 
Mustard Switch 
Variable (n = 23) (n = 37) p Value 
Death 2 (8.7) 3 (8.1) NS? 
Hospital stay (days) l 
Range 5-30 4-21 
Mean 13.5 + 7.5 10.5 + 4.8 NSS 
Arrhythmia 9 (39) 4 (11) <0.01" 
Infection 4 (17) 2 (5) NSP 
Seizures 4 (17) 11 (30) NS? 


a Numbers in parentheses are percentages. 


>This is by x° test. 
€ This is by two-tailed Student's f test. 


NS = not significant. 
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Table 3. Late Results’ 








Group 1, Group 2, 
Mustard Switch 
(n = 21) (n = 34) p Value 
Death 2 (9.5) 1 (3) Ns? 
Follow-up 
Range (yr) 1-9 0.1-5 
Mean (yr) 4.8 + 2.4 2.6 4 1.4 <0.001° 
Reoperation 2 (9.5) 0 Ns? 
Pacemaker 1 (4.8)- 0 Ns? 
Arrhythmia 12 (57) 1 (3) <0.001° 





a Numbers in parentheses are percentages. This is by x test. 


€ This is by two-tailed Student's £ test. 
NS = not significant. 


month and 5 years. The mean follow-up for group 1 
patients is 4.8 + 2.4 years, significantly longer than that 
for group 2 patients, 2.6 + 1.4 years (p < 0.001). 

Two patients in group 1 have required reoperation (2/21 
or 9.5%), 1 for baffle leak and 1 for superior vena cava 
obstruction 1 and 2 years, respectively, after the Mustard 
procedure. One patient in group 1 (4.8%) required pace- 
maker placement for atrioventricular dissociation. 

Twelve (57%) of the 21 operative survivors in group 1 
have late arrhythmias. Eight (38%) have atrial arrhyth- 
mias (sick sinus syndrome and junctional rhythm), 1 (5%) 
has ventricular arrhythmia, and 3 (14%) have atrioventric- 
ular dissociation. Only 9 patients (43%) are currently in 
normal sinus rhythm. 

There have been no reoperations in group 2. In regard 
to arrhythmia, only 1 patient (3.0%) in group 2 was 
treated for 6 months for late nonsustained ventricular 
tachycardia. His medication was discontinued 2 years 
ago. All patients in group 2 are currently in normal sinus 
rhythm. The incidence of late postoperative arrhythmias 
is significantly higher in group 1 (57%) compared with 
group 2 (3%) (¢ < 0.001). 

Eighteen (85%) of the 21 operative survivors in group 1 
have had postoperative catheterization 2 to 44 months 
(mean time, 19 months) postoperatively compared with 
17 (50%) of the 34 operative survivors in group 2 (range, 
10 to 25 months; mean time, 14.9 months) (Table 4). 
Variables of systemic ventricular function (right ventricle 
in group 1 and left ventricle in group 2), ie, systemic 
ventricular end-diastolic volume (percent of normal) and 
systemic ventricular ejection fraction (percent of normal), 
were compared [10]. The mean systemic ventricular end- 
diastolic volume in group 1 was 133% + 33% (95% 
confidence limits, 83.8% to 116.2%). In group 2, the 
systemic ventricular end-diastolic volume was 115% + 
23% (95% confidence limits, 84.5% to 115.5%) (p = NS). In 
contrast, the systemic ventricular ejection fraction in 
group 1 was a mean of 79% + 15% (95% confidence limits, 
89.3% to 110.7%) compared with 98% + 6% (95% confi- 
dence limits; 91.3% to 108.7%) for group 2 (p < 0.005). 

In group 1, 6 of 18 patients had mild to moderate 
tricuspid insufficiency. In Group 2, 15 of 17 patients had 
mild pulmonary stenosis and 8 of 17 patients, mild 
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pulmonary insufficiency. The mean pressure difference 
between the right ventricle and the pulmonary artery for 
those with pulmonary stenosis was 15.5 + 4.9 mm Hg 
(range, 8 to 25 mm Hg). None of the patients had 
evidence of aortic stenosis, and 6 of 17 patients had trivial 
aortic insufficiency. 


Comment 


Attempts to perform the arterial switch operation for 
transposition of the great arteries in the early 1960s were 
unsuccessful [11]. More recently, because of the encour- 
aging results reported by Jatene and colleagues [3] and 
Yacoub [12], there has been renewed interest in perform- 
ing anatomical correction despite apparently satisfactory 
early results from the Mustard and Senning operations [5, 
6]. The main reason for this shift is the ever-increasing 
number of reports citing a disappointingly high incidence 
of long-term complications of venous rerouting proce- 
dures, including arrhythmias and progressive right ven- 
tricular dysfunction [13, 14]. 

The present study attempts to evaluate the intermedi- 
ate-term and long-term results of both arterial and venous 
switch operations in two comparable series of patients 
operated on in infancy (less than 100 days of age) by the 
same surgical team at the same institution. The patient 
populations were similar in regard to male/female ratio, 
percentage having cardiac catheterization and balloon 
atrial septostomy, and mean weight at the time of opera- 
tion. The Mustard group, however, was slightly older and 
underwent repair at an earlier date compared with the 
arterial switch patients. 

One of the originally cited major drawbacks of the 
arterial switch operation was the high early operative 
mortality, ranging from 30% to 50% [15, 16]. As experi- 
ence with this procedure increased, operative mortality 
has decreased to very acceptable levels—6% in the low- 
risk institutions of the Congenital Heart Surgeons Society 
study [17] and 5.4% in the recent 110-patient series of 
Planche and colleagues [18]. Although operative mortality 
was similar for both procedures in our experience, there 
was a progressive decrease in the mortality rate in the 
anatomical correction group, with only 1 death in the last 
27 patients (3.7%) in contrast to 2 deaths in the first 10 
patients. If this trend continues, the mortality rate for 


Table 4. Postoperative Catheterization“ 








Group 1, Group 2, 

Mustard Switch 
Variable (n = 21) (n = 34) p Value 
No. of patients 18 (86) 17 (50) <0.025° 
SVEDV (% of normal) 133 + 33 115 + 23 NSS 
SVEF (% of normal) 79 £15 98 + 6 <0.005° 








a Numbers in parentheses are percentages. > This is by 7 test. 


€ This is by two-tailed Student's t test. 


NS = not significant; SVEF = systemic ventricular ejection fraction 
(right ventricle for group 1 and left ventricle for group 2); © SVEDV = 
systemic ventricular end-diastolic volume (right ventricle for group 1 and 
left ventricle for group 2). 
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anatomical correction could approach 3% to 5%, which 
compares very favorably with that reported for the 
venous switch operation performed in early infancy [8, 9]. 
In addition, arterial switch performed in the first 1 to 2 
weeks of life avoids the substantial mortality (5%) of 
children with transposition of the great arteries awaiting 
elective Mustard and Senning operations [19]. The inci- 
dence of early complications such as postoperative sei- 
zures, infection, and length of hospital stay were similar 
in our two groups. 

Arrhythmias have been a major late complication of 
patients undergoing the Mustard operation [20]. They 
consist chiefly of atrial tachycardias, atrioventricular dis- 
sociation, and junctional rhythms, which tend to become 
more prevalent and severe with time. Hayes and Gersony 
[13] showed that of 95 patients who underwent a Mustard 
procedure, only 20% had atrial arrhythmias at the time of 
discharge, but 75% had atrial rhythm disorders by the 
sixth postoperative year. Deanfield and associates [21] 
found that in 100 patients who underwent either the 
Mustard or Senning operation, gradual loss of sinus 
rhythm occurred; at a mean of 7 years after operation, 
only 56% of the patients having the Senning operation 
and 66% having the Mustard procedure were in stable 
sinus rhythm. 

These arrhythmias are thought by Edwards and Ed- 
wards [22] to be due to dissection around the sinus node 
with fibrosis in this area or sinoatrial nodal artery throm- 
bosis and interruption of intraatrial communications by 
the baffle suturing. In our series, more than half of the 
patients who underwent the Mustard operation have 
serious late arrhythmias. In contrast, the arrhythmias in 
the arterial switch group are nearly all temporary, and, on 
intermediate-term follow-up, all patients in this group are 
in normal sinus rhythm without medication. Such a low 
incidence of arrhythmias is a major benefit of the arterial 
switch procedure compared with the Mustard procedure. 
Our only qualification to this conclusion is that the mean 
follow-up of group 2 (2.6 years) is not as long as that of 
group 1 (4.8 years). 

The other major complication with the Mustard proce- 
dure is late systemic ventricular (right ventricular) dys- 
function. The right ventricle is not morphologically in- 
tended to act as the systemic ventricle, and in patients 
who undergo the Mustard procedure, it tends to dilate 
and perform less vigorously with time [14]. Once such 
dysfunction sets in, it is progressive and can lead to 
cardiac failure [unpublished results]. The results of rou- 
tine postoperative catheterization tend to confirm find- 
ings in other studies. Although there was no significant 
difference in the end-diastolic volume between the two 
groups, the ejection fraction of the systemic ventricle after 
the Mustard procedure was significantly lower than after 
the arterial switch operation. Moreover, patients after the 
Mustard procedure had a high incidence (33%) of sys- 
temic atrioventricular valve (tricuspid) regurgitation, pre- 
sumably caused by a dilated, poorly functioning right 
ventricle. 

There are potential complications of the arterial switch 
operation, for example, stenosis of the aortic, pulmonary, 
or coronary artery anastomosis and aortic or pulmonary 


BACKER ET AL 13 
MUSTARD PROCEDURE VERSUS ARTERIAL SWITCH 


valve insufficiency or stenosis. However, these complica- 
tions have been rare. In our study, postoperative cathe- 
terization in the arterial switch group showed the aortic 
and pulmonary valves to be functioning well in the 
majority of patients. There was no aortic stenosis and only 
a low incidence of trivial aortic insufficiency. Most pa- 
tients had mild pulmonary stenosis, which was hemody- 
namically not significant. There was no evidence of suture 
line stenosis in any of these patients. Longer follow-up 
will be necessary to define the incidence and importance 
of any of these complications. 

In conclusion, for infants with transposition of the great 
arteries and intact ventricular septum, arterial switch and 
venous rerouting have the same early and late mortality. 
However, the arterial switch operation has a significantly 
lower incidence of early and late arrhythmias and is not 
associated with long-term systemic ventricular dysfunc- 
tion. Early anatomical correction is the procedure of 
choice for children with transposition of the great arteries. 
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In a randomized study, 63 patients were investigated for 
the benefits of cryoanalgesia after thoracotomy. Analge- 
sia and its dependent effects such as enhancement of 
mobility, respiratory function, and reduced need of 
narcotics were evaluated. No significant differences in 
_ these variables were observed between the cryoanalgesia 


ostoperative pain after a thoracic surgical procedure 

deserves special attention because painfully re- 
stricted respiration can have deleterious consequences 
(eg, respiratory failure from superficial breathing excur- 
sions, sputum retention, and bronchopneumonia). Opi- 
ates are administered for this condition, particularly in the 
early postoperative period, but have the disadvantage of 
causing a more or less pronounced respiratory depres- 
sion. 

From the particular anatomical placement of the lateral 
incision for opening the thorax parallel to the segmental 
innervation of the chest wall, it appears possible to 
provide local relief of pain by blocking the intercostal 
nerves at the incision. The means of achieving this type of 
local analgesia after thoracotomy and whether they are 
superior to systemic administration of analgesics have 
been studied [1-5]. 

The various methods used to this end were augmented 
by Nelson and associates [6] in 1974 with the introduction 
of crvoanalgesia. The application of cold directly to the 
nerves causes localized destruction of the axons while 
preserving the endoneurium, thereby inducing a tempo- 
rary pain block in such a way as to permit subsequent 
problem-free regeneration of the nerve fibers. This re- 
quires local freezing of the nerves at a temperature of 
approximately —60°C by means of a nitrous oxide-cooled 
cryoprobe while making use of the Joule-Thomson effect. 

To date, published studies on the subject of cryoanal- 
gesia after thoracotomy mainly report a very beneficial 
analgesic effect on the postoperative course [7~10]. In 
none of these publications, however, was the effect of 
cryoanalgesia tested on a sufficiently large patient popu- 
lation using the standard methodical criteria for evalua- 
tion of new therapies. In the present randomized, double- 
blind study (patient and investigators did not know the 
type of therapy), a number of variables were used to 
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group and the control group. However, moderate to 
severe neuralgia was found in a number of patients in 
the cryoanalgesia group in the late postoperative period. 
Cryoanalgesia for pain relief after thoracotomy is not 
recommended. 

(Ann Thorac Surg 1989;48:15-8) 


compare the effect of cryoanalgesia with that of a solely 
systemic administration of analgesics. 


Material and Methods 


The study was conducted with 63 patients, aged 23 to 78 
years, who gave informed consent. The study was sub- 
mitted to the Committee for the Evaluation of Medical 
Experiments of Innsbruck University and found to be 
ethically unobjectionable (Innsbruck, June 14, 1985). 

The patients were divided into three subgroups on the 
basis of surgical treatment: pneumonectomy; lobectomy 
or bilobectomy; and exploratory thoracotomy, parietal 
pleurectomy, and parenchymal resection to the extent of a 
segmental resection. In all patients, surgical access was 
obtained through a posterolateral thoracotomy in the fifth 
intercostal space. 

The patients in the three subgroups were randomly 
divided into two treatment groups before the thorax was 
closed: cryoanalgesia and control. In the cryoanalgesia 
group, four intercostal nerves (one level with the thora- 
cotomy, one a segment further cranial, and the two 
adjacent caudal) were exposed paravertebrally, lifted with 
a nerve hook, and frozen at two close sites with a nitrous 
oxide—cooled cryoprobe (Erbe Elektromedizin, Tübingen, 
Federal Republic of Germany) until a ball of ice formed 
around the entire nerve. In the control group, no sham 
operation was performed on the pertinent nerves. The 
thorax drainage lines were brought out in the usual 
location at the lowest point of the pleural cavity and, 
when necessary, in the second intercostal space. 

Postoperative analgesic treatment involved intramuscu- 
lar administration of standardized individual doses of an 
opiate (methadone hydrochloride) and a nonopiate com- 
pound (propyphenazone + barbiturate + caffeine [Inal- 
gon]) as needed. To determine the analgesic effect and 
any possible differences between the two treatment 
groups, the following variables were recorded on postop- 
erative days 1, 2, 3, 5, and 7 by a doctor who did not know 
the random group distribution: 
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Table 1. Patient Groups by Type of Operation and Pain-Relief 
Therapy 


Treatment Exploratory Lobectomy/ Pneumo- 

Group Thoracotomy* Bilobectomy nectomy Total 

Cryoanalgesia 11 17 2 30 

Control 10 18 5 33 
Total 21 35 7 63 


* Surgical treatment included exploratory thoracotomy, parietal pleurec- 
tomy, and parenchymal resection to the extent of a segmental resection. 


1. Subjective pain sensation, expressed on a scale of 0 
through 4 (no pain to severe pain). 

2. Painfully reduced mobility when going from a lying 
position to a sitting position with the help of a trapeze, 
expressed on a scale of 1 through 5 (sitting up impos- 
sible to sitting up possible without effort). 

3. Analgesic consumption of opiates and nonopiates, 
recorded as the total daily dose and the number of 
individual doses. 

4. Peak expiratory flow, as an indication of the ability to 
cough up phlegm, measured with a mini-Wright peak 
flowmeter (Airmed; Clement Clark International Ltd, 
London, United Kingdom) and given as percentage of 
preoperative value. 


Statistical evaluation was performed with the SPSS 
program package [11] using an IBM XT personal com- 
puter. Data description was performed with the FRE- 
QUENCIES and CROSSTABS procedures [11]. The 
Wilcoxon-Mann-Whitney test [12] (NPAR TEST proce- 
dure [11]), was used to examine the significance of the 


~~ 


1 2 3 5 
POSTOPERATIVE DAYS 


Fig 1. Pain and mobility in the postoperative course. Pain in the cryo- 
analgesia (ME) and control (O) groups was classified on a scale of 0 to 
4 (0 = none, 1 = light; 2 = moderate; 3 = strong; 4 = severe). Mo- 
bility in the cryoanalgesia (å) and control (A) groups was classified 
on a scale of 1 through 5 (1 = none; 2 = with help; 3 = with strong 
effort; 4 = with light effort; 5 = with no effort). Data are shown as 
the mean + the standard deviation. 
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Fig 2. Consumption of analgesics. Mean use of methadone in the cryo- 
analgesia (Œ) and control (QO) groups and of the nonopiate propyphena- 
zone in the cryoanalgesia (A) and control (A) groups during the post- 
operative period. 


treatment differences in the framework of the final statis- 
tics. The level of significance was set at 5%. 


Results 


Patient grouping by type of operation and pain-relief 
therapy is shown in Table 1. Age (cryoanalgesia group: 
range, 24 to 74 years, mean, 56 years; control group: 
range, 23 to 78 years, mean, 69 years; overall: range, 23 to 
78 years, mean, 57 years) and sex were evenly distributed. 

Figure 1 presents the postoperative subjective pain 
sensation and, complementary to this, the painfully re- 
duced mobility when sitting up from a lying position. 
Graphic demonstration and statistical calculations were 
performed by use of the mean + the standard deviation of 
the recorded results in all patients. Differences between 
the cryoanalgesia and control groups were not significant. 
Figure 2 shows the postoperative analgesic consumption 
in both groups. Again there were no significant differ- 
ences. Figure 3 presents the peak flow measured on the 
different postoperative days. Here, too, no significant 
differences were observed between the cryoanalgesia 
group and the controls. 
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Fig 3. Mean penk expiratory flow as percentage of the preoperative 
value in the cryonnalgesia (MI) and control (O) groups. 
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Cryoneurolysis was thus not seen to provide any ad- 
vantage to patients. This is true for the total patient 
population as well as for the three surgical subgroups. 

Neurological examination was performed between 
postoperative days 4 and 7 and, to the extent that patients 
were available (21 or 64% of the controls and 22 or 73% of 
the cryoanalgesia group), 3 and 6 months later. It showed 
a hypalgesic to anesthetic cutaneous area corresponding 
in size to the particular dermatomes in the patients who 
had received cryoanalgesic treatment. In all patients, full 
sensibility returned after 6 months, although most already 
had normal neurological findings after 3 months. In the 
cryoanalgesia group, 6 patients (20%) experienced a 
marked occurrence of medium to strong neuralgias about 
6 weeks after operation, which continued for 2 to 4 weeks 
and then gradually disappeared. 


Comment 


Many authors, particularly the advocates of cryoanalge- 
sia, describe lateral thoracotomy as a surgical: access 
entailing severe postoperative pain [7-10, 13]. Our expe- 
rience, obtained at a surgical clinic performing both ab- 
dominal and thoracic surgical procedures, emphatically 
refutes this. If, when closing the thoracotomy, the adjoin- 
ing ribs can be sufficiently stabilized against each other 
(by means of tight pericostal sutures), postoperative pain 
is far less severe than for a laparotomy of the same scope. 
This is evidenced in our study by postoperative analgesic 
consumption. On day 1 after operation, a mean opiate 
dose of 10 mg (one ampule) sufficed for the patients in the 
control group. On day 2, consumption dropped to about 
one third of this (3.4 mg), on day 3 to 2.0 mg, and so on. 
Nonepiate consumption was also comparatively modest: 
380 mg of propyphenazone (about 30 drops or 0.75 
ampule of Inalgon) on day 1, 320 mg on day 2, 290 mg on 
day 3, 160 mg on day 5, and 135 mg (about 12 drops of 
Inalgon) on day 7 after operation. 

Every possible means of optimizing postoperative pain 
relief appears important, especially when it is a simple- 
to-use method such as cryoanalgesia. The effectiveness of 
pain-relieving measures, however, is difficult to ascertain. 
Because it is impossible to directly measure pain, a scoring 
system has to be employed. By quantifying pain on a 
numerical scale, it is made suitable for mathematical 
comparison. As a matter of course, analgesic consump- 
tion plays a complementary role as an objectively measur- 
able dimension. The usefulness of these “measured 
values,” however, is limited because they are not deter- 
mined solely by the subjective experience of pain intensity 
but also by emotional and personal factors (eg, one 
patient might not wish to be considered troublesome 
whereas another might expect doctors and nursing staff to 
relieve all discomfort). The mobility score is a similar case. 
Nevertheless, both methods are indispensable for com- 
parison of analgesically effective measures, and no alter- 
natives are available at present. 

The early publications on cryoanalgesia for postthora- 
cotomy pain unanimously reported a significantly lower 
postoperative analgesic consumption after cryoanalgesia 
[6-10]. These studies, however, were conducted either 
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with a very small patient population or without examin- 
ing an untreated control group [9, 13]. Furthermore, they 
were not able to show that cryoanalgesia was responsible 
for improved respiratory performance in the early post- 
operative period compared with a control group [8, 10], as 
reported by Toledo-Pereyra and DeMeester [14] after 
bupivacaine blocking of the intercostal nerves. This is 
despite the fact that the actual advantage of cryoanalgesia 
compared with systemically administered opiates with 
their respiratory-depressive effect was considered to be 
improved ventilation and expectoration. 

Doubts as to the effectiveness of cryoneurolysis were 
voiced by Orr and co-workers [15], who saw no advantage 
over intravenous administration of morphine using an 
infusion pump, and recently by Roxburgh and colleagues 
[16], who, in a strictly conducted double-blind study, 
found this method to have no particular effectiveness as 
opposed to conventional pain-relief treatment. These 
studies fully correlate with the results presented here: the 
authors were unable to demonstrate the superiority of 
cryoanalgesia in terms of analgesic consumption, patient 
mobility (patient sitting up from a lying position without 
help), and peak expiratory flow. 

On the whole, the concept of blocking segmental 
nerves of the thoracic wall appears to be problematic 
because, as a result of the sensitive innervation, only the 
pleura parietalis, intercostal musculature, and pertinent 
cutaneous areas (which hardly ever represent a particular 
source of pain) are affected. The sensitivity of the visceral 
pleura (friction from drainage tubes during respiratory 
excursions) and of the large thoracic wall muscles, such as 
the latissimus dorsi and serratus anterior, that are severed 
in the thoracotomy and are active in every arm movement 
and every cough, is, however, fully maintained and 
continues to require systemic pain relief. 

Because this study was unable to establish an advanta- 
geous effect of cryoanalgesia and because in 20% of the 
cryoanalgesia patients, severe neuralgiform pain condi- 
tions were sometimes observed in the late postoperative 
phase, a finding also reported by Conacher and co- 
workers [17] and that caused them to stop routine use of 
the cryoprobe, we recommend that cryoanalgesia not be 
used in the future. 
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Factors Influencing Long-Term (10-Year to 15-Year) 
Survival After a Successful Coronary Artery 


Bypass Operation 
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The long-term survival of 6,181 consecutive patients who 
underwent a coronary bypass operation from 1972 to 1986 
was evaluated in relation to certain risk factors: age at the 
time of operation, sex, preoperative left ventricular func- 
tion, presence of diffuse coronary artery disease, and 
previous coronary bypass operation. Advanced age 
markedly reduced the 10-year and 15-year survival. 
When compared with the general population, however, 
the survival of patients in the older age groups (over 60 
years) exceeded that of the general population at 10 and 
15 years. In patients under 55 years of age, the 10-year 
and 15-year survival is less than that of the general 
population. Male and female patients of comparable 


Nee patient-related risk factors are associated 
with increased early mortality after coronary artery 
bypass operations. In our own series of over 7,000 pa- 
tients followed since 1972, we have consistently identified 
five variables that significantly increase operative mortal- 
ity [1, 2]: advanced age, left ventricular dysfunction, 
previous coronary artery bypass operation, female sex, 
and “diffuse” coronary artery disease. Associated ill- 
nesses such as diabetes mellitus, renal insufficiency, pe- 
ripheral or extracranial occlusive vascular disease, and 
chronic obstructive pulmonary disease, as well as the 
number of diseased coronary arteries and the presence of 
left main coronary artery stenosis, are all related to 
increased early mortality in numerous other studies [3- 
13]. Our data agree with much of this, but we have not 
been collecting information on many of these variables 
long enough to define their effect on long-term results. 
Consequently, this communication will only focus on the 
10- -year to 15- -year results of coronary bypass operation as 
related to the patients’ age at the time of operation, 
preoperative left ventricular function, sex, the presence of 
diffuse coronary artery disease, and whether or not pre- 
vious coronary bypass procedures had been done. In 
addition, the effects of single or multiple mammary artery 
bypass grafts will be evaluated. 
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ages had virtually identical 10-year and 15-year survival 
rates. Severe left ventricular dysfunction, previous coro- 
nary bypass operation, and diffuse coronary artery dis- 
ease requiring coronary artery endarterectomy all ad- 
versely affected the long-term survival rates. Within all 
age groups studied there was a significant benefit in 
survival with either one or more mammary artery bypass 
grafts. The data presented provide an important histori- 
cal control group that can be used in evaluating the 
long-term results after successful coronary bypass oper- 
ations. 


(Ann Thorac Surg 1989;48:19-25) 


Patients and Methods 


The records of 7,211 consecutive patients who underwent 
coronary bypass operations from August 1, 1972, through 
June 30, 1986, were reviewed. For the purpose of this 
study 450 patients who died within 90 days of operation 
were considered operative deaths and were excluded. 
One hundred fifty-three patients with combined valve 
replacement and coronary artery bypass grafting have 
been previously reported [1] and were also excluded from 
this analysis. Finally, 17 patients with unknown birth 
dates and 410 foreign patients were excluded, leaving a 
study group of 6,181 patients, 5,189 men and 992 women. 
Follow-up was obtained through a mail and telephone 
survey, in addition to a review of the United States 
National Death Index,* and is available for virtually all 
patients. 

The patients were divided into seven subgroups based 
on their age at the time of operation: group A, 593 
patients, less than 45 years; group B, 748 patients, 45 to 50 
years; group C, 1,117 patients, 50 to 55 years; group D, 
1,362 patients, 55 to 60 years; group E, 1,154 patients, 60 
to 65 years; group F, 778 patients, 65 to 70 years; and 
group G, 429 patients, more than 70 years. 

Our definition of diffuse coronary artery disease, as 
well as the indication for coronary artery endarterectomy 
and the techniques employed, have been reported [2, 14]. 
Data were analyzed by the X test and the methods of 
Cutler and Ederer [15]. Life tables for the United States 
population were obtained from the United States Public 
Health Service [16]. 

Determinations of left ventricular ejection fraction were 


* National Death Index, 3700 East-West Highway, Hyattsville, MD 20782. 
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Fig 1. Effect of patient’s age on long-term survival for all 6,181 pa- 
tients in the study. For standard errors, see Table 1. 


not available for many patients operated on early in the 
series. Therefore severe left ventricular dysfunction is 
defined as two or more akinetic wall segments or a left 
ventricular ejection fraction less than 0.40. If there is 
global hypokinesis or the left ventricular ejection fraction 
is less than 0.20 we assign a double risk factor. 


Results 


Age and Sex 


Age at the time of operation has a profound effect on late 
survival (Fig 1; Table 1). Ten-year actuarial survival de- 
creased from 78.3% (standard error [SE], 2.2%) in patients 
under 45 years of age to 60.4% (SE, 2.6%) in patients aged 
65 to 70 years. Similarly, the 15-year survival decreased 
from 64.6% (SE, 4.9%) in patients under 45 years of age to 
35.0% (SE, 6.6%) in patients aged 65 to 70 years. Because 
of these dramatic differences, it is imperative to look at the 
proportion of patients in various age groups whenever a 
specific risk factor is evaluated. l 

In evaluating the effect of sex on long-term survival, it 
was noted that females had a much higher representation 
in older age groups (Fig 2). However, when we compared 
- sexes in comparable age groupings, survival was virtually 
identical (Fig 3). o 


Comparison With the United States Population 
When the survival of our patients was compared with that 
of age- and sex-matched groups in the general popula- 


Table 1. Standard Errors for Figure 1° 
Follow-up (yr) 


Age Range —————— ee 
(yr) 5 10 15 
Under 45 l 1.2 2.2 3.9 
45-50 1.0 1.8 5.3 
50-55 0.9 L6 4.2 
55-60 0.9 15 3.6 
60-65 11 1.8 4.7 
65-70 14 2.6 6.6 


Over 70 2.2 4.5 NA 


a All numbers are given as percentages. 
NA = not available. - 
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Fig 2. Distribution of age groups and sex for all 6,181 patients in the 
study. 


tion, some very interesting facts were observed. The 
thrust of this analysis was to compare survival during the 
first 5 years after operation with the second 5 years in the 
same patients. Therefore, we considered only patients 
operated on more than 5 years ago. In addition, patients 
with severe left ventricular dysfunction, repeat operation, 
multiple coronary artery endarterectomies, or female sex 
were excluded, leaving a cohort of 2,605 men with no 
additional risk factors; a group that should theoretically 
have the best long-term results. In the age groups under 
55 years, the 5-year survival approximates that of the 
general population. There is a marked acceleration in 
annual mortality, however, in the second and third 5-year 
periods after operation. In the older age groups (over 60 
years) the survival of the surgical patients exceeds that of 
the general population throughout the period observed 
(Fig 4). 


Left Ventricular Function and Repeat Bypass Operation 


Except for age, left ventricular dysfunction at the time of 
coronary bypass operation is the dominant factor affecting 
long-term survival. All age groups are equally distributed 
among the classifications of ventricular function (p = 0.7). 
Patients undergoing repeat bypass operation and patients 
requiring multiple coronary artery endarterectomies were 
excluded from this analysis. The results, summarized in 
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Fig 3. Sex, age, and long-term survival for all 6,181 patients in the 
study. 
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Fig 4, Actuarial survival for male 
patients with no risk factors by age 


Service white males; 2,605 patients: 
male, no risk factors (severe ventricu- 
lar dysfunction, repeat operation, two 
or more coronary endarterectomies), 
operated on before 1983. 


= £ 1 Standard Error 


Figure 5, are dramatic. Ten-year survival is reduced from 
79.1% (SE, 0.8%) ir. patients with normal or near-normal 
left ventricular function to 49.0% (SE, 2.1%) in patients 
with severe left ventricular dysfunction, to 35.1% (SE, 
5.5%) in patients with global dysfunction. 

Figure 6 summarizes the comparison between patients 
having their primary coronary bypass operation and pa- 
tients having a repeat operation. Patients with severe left 
ventricular dysfunction or multiple coronary artery endar- 
terectomies were excluded. The remaining group was 
homogeneous in age distribution (p = 0.75). Clearly there 
is a marked disparity in survival after 5 years, with a 
substantial increase in the annual mortality of the group 
having repeat operation. 


Diffuse Coronary Artery Disease 


Figure 7 summarizes the comparison between those pa- 
tients with conventional grafts only, those requiring one 
coronary endarterectomy, and those requiring multiple 
coronary artery endarterectomies. Patients with severe 
left ventricular dystunction and those having repeat cor- 
onary bypass operations were excluded. As there was a 
statistically significant age disproportion in the older age 
groups (over 65 years) (p < 0.001), with more elderly 
patients requiring single or multiple coronary artery en- 
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Fig 5. Effects of left ventricular (LV) function on survival for 4,371 
patients; multiple endarterectomy and repeat bypass operation 
excluded. 





darterectomies, only patients under 65 years were consid- 
ered. This group was homogeneous in age distribution 
(p = 0.7). Furthermore, as we have only compiled end- 
arterectomy data since 1978, there is no survival data 
beyond 10 years for these patients. Up until 10 years, 
however, there is only a slightly decreased long-term 
survival in patients with one or more coronary artery 
endarterectomies compared with those patients with con- 
ventional grafts only. In addition, there was no statisti- 
cally significant difference when patients requiring a sin- 
gle right coronary artery endarterectomy were compared 
with those requiring a single left coronary artery endar- 
terectomy [2]. ; 


Mammary Artery Bypass Grafts 


When analyzing the effects of mammary artery bypass 
grafts on long-term survival, the age distribution of pa- 
tients was not homogeneous (p < 0.001). As expected, a 
higher percentage of young patients received one or two 
mammary artery bypass grafts. The patients were there- 
fore divided into three groups: under 50 years, 50 to 60 
years, and 60 to 70 years. Patients with severe left ven- 
tricular dysfunction and those undergoing repeat bypass 
operation or multiple coronary artery endarterectomies 
were excluded. Within each age group there was a signif- 
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Fig 6. Comparison of primary versus repeat coronary artery bypass 
(CAB) operation for 4,143 patients with no other risk factors. 
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Fig 7. Survival in patients with diffuse coronary artery disease requir- 
ing two or more coronary endarterectomies for 3,326 patients under 
age 65 years with no other risk factors. 


icant benefit in survival with either one or more mammary 
artery bypass grafts, although there did not appear to be 
any increased benefit with multiple mammary artery 
grafts. Not surprisingly, this benefit became more obvious 
the longer the patients were followed (Fig 8). A complete 
analysis of the long-term results of mammary artery grafts 
is currently underway and is beyond the scope of this 
paper, but there does not appear to be any increased 
benefit when the mammary artery is used to bypass the 
left anterior descending coronary artery (598 patients: 
10-year survival, 83.5%; SE, 1.7%; 15-year survival, 62.2%; 
SE, 5.7%) rather than a diagonal or circumflex marginal 
branch (846 patients: 10-year survival, 82.1%; SE, 1.5%; 
15-year survival, 63.6%; SE, 4.3%). 


Comment 


A number of studies have been published that describe 
the long-term (over 10 years) results after a coronary 
bypass operation [3, 5, 8, 9, 12]. Certainly there is an 
ongoing need to precisely evaluate survival in the various 
subgroups of patients that undergo coronary bypass op- 
erations; it is important information that can be used to 
compare the durability of different modes of treatment. In 
addition, it supplies valuable predictive knowledge to the 
patients, their families, and referring physicians. 

For the purpose of this communication, all patients who 
died within 90 days of coronary bypass operation were 
considered operative deaths. Although surgical mortality 
is usually limited to 30 days, modern therapies can often 
support patients with multiple complications for far 
longer than that before they die; therefore only patients 
who survived 90 days were defined as having had a 
“successful” operation. As all of the risk factors we looked 
at markedly increased operative mortality, by only look- 
ing at the long-term results of 90-day survivors, we have 
virtually eliminated the effects of operative fatalities on 
long-term survival curves. Equally important, it must be 
emphasized that the cumulative effects of operative and 
long-term deaths are additive for an individual or group 
of patients. The purpose of this paper, however, is only to 
look at the effects of preoperative risk factors on the 
long-term survival after a successful operation. 
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We have previously reported our 30-day mortality re- 
sults [2], which ranged from 0.5% in 1,134 low-risk 
patients to over 25% in 197 patients with multiple pre- 
operative risk factors combined with diffuse coronary 
artery disease requiring multiple coronary artery endar- 
terectomies. The risk factors we analyzed in relation to 
early mortality were the same ones that we considered 
in this paper: age, left ventricular dysfunction, repeat 
bypass operation, female sex, and diffuse coronary disease 
requiring coronary artery endarterectomy. Insulin-depen- 
dent diabetes mellitus is an additional well-documented 
risk factor that increased early mortality in our surgical 
series; we do not have enough long-term data to analyze 
the 10-year to 15-year effects, although our intermediate 
results have been published [17]. 
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Fig 8. Survival by number of mammary artery bypass grafts for 
3,288 patients with no risk factors: (A) age less than 50 years; (B) age 
50 to 60 years; (C) age 60 to 70 years. 
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A patient’s age at the time of coronary bypass operation 
is one of the most significant predictors of early mortality 
[2, 6, 10, 13, 14]. Not unexpectedly, this is also true for late 
mortality in the series presented here (see Figs 1, 4) as 
well as others [5, 9]. What was surprising was the mark- 
edly increased mortality in the second and third 5-year 
periods after operation that were observed in the younger 
age groups (under 55 years). In the older age groups (over 
60 years) the survival after coronary bypass operation 
exceeded that of the general population throughout the 
period of observation. This is almost identical to the 
findings of Cosgrove and associates [9] in their 10-year 
results after primary myocardial revascularization. 

Of additional importance is the fact that, in the young- 
est groups, most of the patients had mammary artery 
bypass grafts (under 45 years: 194/262 patients, 74%; 45 to 
50 years: 278/359 patients, 77.4%). Also, all of the opera- 
tions were primary in patients with good left ventricular 
function and without diffuse coronary artery disease. The 
addition of any risk factor or multiple risk factors, or the 
failure to use mammary artery grafts, would make the 
disparity between the surgical group and the general 
population even greater. As our operative mortality for 
this type of patient is only 0.5% [2], the attrition curves for 
the patient group, early and late mortality combined, 
would be virtually identical to those seen in Fig 4. 

Female sex is another well-accepted predictor of in- 
creased early mortality after coronary bypass operations 
(1, 6, 10]. In our series, as well as others [12, 13], there is 
a much higher proportion of women patients in the older 
age groups (see Fig 2), almost certainly because of the 
protective effects of estrogen in premenopausal women. 
Richardson and Cyrus [13] found a significantly lower 
(p < 0.001) 5-year survival in women. Killen and co- 
workers [12] found that the absolute survival of female 
patients in their series was as good as that observed in 
men; the female patients, however, did not achieve the 
expected survival pattern of a matched general population 
that was observed in their male patients. Whereas the 
absolute survival of women in our series was not as good 
as that of men, the 10-year and 15-year survival in 
equivalent age groups was virtually identical (see Fig 3). 
As the survival of women in the general population is 
better than men of the same age, there is still an increased 
risk of late death in female patients, although it is not as 
great as we had expected. 

Left ventricular dysfunction profoundly affects opera- 
tive (1, 2, 6, 7, 10] and late mortality [3, 8, 9, 11, 13]. It is 
commonly the most significant predictor of both early and 
late death [5]. Our own results (see Fig 5) are so clear-cut 
that little discussion is required. The 15-year survival 
decreases from 59% in patients with normal or near- 
normal left ventricular function to 28% in patients with 
severe left ventricular dysfunction. The desirability of 
doing an operation—when indicated—before serious in- 
jury to the left ventricle occurs is obvious. Severe left 
ventricular dysfunction is not a contraindication to coro- 
nary bypass operation, as the long-term survival of many 
of these patients is abysmal when treated medically; it 
does, however, substantially increase the operative risk 
and reduce long-term survival. 
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The operative risk of a patient having a repeat bypass 
procedure is at least two to three times the risk of a first 
operation in a similar patient [18-20]. In addition, Ruther- 
ford and colleagues [11] found that a prior cardiac opera- 
tion is a significant predictor of late death (p < 0.01) when 
compared with primary operations. Even eliminating the 
increased operative risk by only considering 90-day sur- 
vivors, we found a significant and persistently increased 
late mortality in our patients undergoing repeat opera- 
tions (see Fig 6). There is no clear explanation for this, but 
it is probably due in part to the more diffuse nature of the 
coronary artery disease seen in patients having repeat 
operations, and the decreased capability to completely 
revascularize many of these patients [20]. 

We have recently described our entire experience with 
coronary artery endarterectomy in the treatment of diffuse 
coronary artery disease [2, 14]. Operative mortality is 
increased in the presence of diffuse coronary artery dis- 
ease, whether or not endarterectomy is performed [2, 10]; 
it is even higher in patients requiring multiple endarterec- 
tomies. The long-term survival of these patients, as sum- 
marized in Figure 7, was therefore better than we had 
expected, and is further testament to the durability of the 
techniques we use. The clinical status of the patients and 
graft patency data have been published [2, 14]. 

Finally, the data presented in Figure 8 confirm the 
significant and persistent value of mammary artery by- 
pass grafts in improving long-term survival in all age 
groups up to 70 years old, for periods up to 13 years after 
operation. The work done at the Cleveland Clinic has 
proved, virtually beyond doubt, the durability of mam- 
mary artery bypass grafts and their beneficial effect [9, 21]. 
Although we have not yet completed a comprehensive 
study of our patients with mammary artery grafts, two 
interesting trends are apparent. First, there does not seem 
to be any additional benefit to multiple mammary artery 
grafts compared with single mammary artery grafts. Also, 
there seems to be no difference in the long-term results 
when a single mammary artery graft was done to the left 
anterior descending coronary artery (598 patients; 10-year 
survival, 83.5%; SE, 1.7%; 15-year survival, 62.2%; SE, 
5.7%) rather than a diagonal or circumflex marginal 
branch (846 patients; 10-year survival, 82.1%; SE, 1.5%; 
15-year survival, 63.6%; SE, 4.3%). We cannot explain this 
as yet, but only point it out, as the beneficial effects 
described by Loop and associates [21] related only to 
patients with mammary artery grafts to the left anterior 
descending coronary artery. 

Possible reasons for these curious observations have to 
do with our philosophy regarding mammary artery by- 
pass grafts. We routinely use the mammary artery to 
bypass the most critically obstructed left-sided coronary 
artery; it is not used in diffusely diseased coronary arteries 
where endarterectomy is required, nor routinely in ves- 
sels less than 1.5 mm in size. Thus a mammary artery is 
almost always placed into a relatively normal distal coro- 
nary artery of large diameter that has a critical proximal 
obstruction, and that appears to be the most important 
vessel for a particular patient, whether that is the left 
anterior descending or a large diagonal or circumflex 
branch. Having bypassed the most seemingly important 
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vessel with a mammary artery, combined with the ex- 
pected long-term patency of over 90% and the excellent 
long-term survival of these patients, it will probably take 
substantially larger numbers of patients followed for 
longer periods of time to demonstrate the expected addi- 
tional benefit that would be gained by a second mammary 
artery bypass graft to a less important coronary artery. 
The data presented here on the long-term survival of 
patients having a coronary bypass operation and various 
risk factors that affect that survival provide information on 
the durability of an important mode of therapy for pa- 
tients with severe coronary artery disease. There are a 
number of invasive procedures being developed for pa- 
tients in whom medical treatment is not indicated. Our 
work, and that of several other groups, establishes a 
historical control group that can be used to evaluate the 
relative merits of other invasive or noninvasive treat- 
ments, both short-term and long-term. Perhaps more 
‘important, it is obvious from the data presented that any 
meaningful discussion of long-term results must take into 
account the preoperative condition of the patient under 
consideration, particularly age and ventricular function. 


References 


1. Johnson WD, Kayser KL, Pedraza PM, Brenowitz JB. Com- 
bined valve replacement and coronary bypass surgery. Chest 
1986;90:338-45. 

2. Brenowitz JB, Kayser KL, Johnson WD. Results of coronary 
artery endarterectomy and reconstruction. J Thorac Cardio- 
vasc Surg 1988;95:1-10. 

3. Lawrie GM, Morris GC Jr, Calhoon JH, et al. Clinical results 
of coronary bypass in 500 patients at least 10 years after 
operation. Circulation 1982;66(Suppl 1):1-5. 

4. Lawrie GM. Morris GC Jr, Glaeser DH. Influence of diabetes 
mellitus on the results of coronary bypass surgery. JAMA 
1987;256:2967-71. 

5. Lawrie GM, Morris GC Jr, Baron A, et al. Determinants of 
survival 10 to 14 years after coronary bypass: analysis of 
preoperative variables in 1,448 patients. Ann Thorac Surg 
1987;44:180-5. 

6. Kennedy JW, Kaiser GC, Fisher LD, et al. Multivariate 
discriminant analysis of the clinical and angiographic predic- 
tors of operative mortality from the Collaborative Study in 
Coronary Artery Surgery (CASS). J Thorac Cardiovasc Surg 
1980;80:876-87. 


DISCUSSION 


DR H. NEWLAND OLDHAM, Jr (Durham, NC): | enjoyed 
reading the manuscript that was provided by Dr Brenowitz. This 
report of the long-term results in 6,000 operative patients by the 
Milwaukee group clearly describes the factors influencing 10-year 
and 15-year survival after a coronary bypass operation. 

The Duke Coronary Artery Data Bank contains approximately 
8,000 surgical patients, and also has a roughly equivalent group 
of medical patients. An adjusted Cox model comparison of 
survival out to 12 years shows a significant increase in long-term 
survival after surgical treatment in the overall population after 
adjusting for baseline inequalities. Three major factors are asso- 
ciated with the significant long-term survival improvement with 
operation. These are the extent of coronary artery disease, poor 
medical prognosis due to factors such as age or ventricular 


Ann Thorac Surg 
1989;48:19-25 


7. McCormick JR, Schick EC Jr, McCabe CH, et al. Determi- 
nants of operative mortality and long-term survival in pa- 
tients with unstable angina. J Thorac Cardiovasc Surg 1985; 
89:683-8. 

8. Lytle BW, Kramer JR, Golding LR, et al. Young adults with 
coronary atherosclerosis: 10 year results of surgical myocar- 
dial revascularization. J Am Coll Cardiol] 1984;4:445-53. 

9. Cosgrove DM, Loop FD, Lytle BW, et al. Determinants of 10 
year survival after primary myocardial revascularization. 
Ann Surg 1985;202:480-90. 

10. Wright JG, Pifarre R, Sullivan HJ, et al. Multivariate discrim- 
inant analysis of risk factors for operative mortality following 
isolated coronary artery bypass graft. Chest 1987;91:394-9. 

11. Rutherford JD, Whitlock RML, McDonald BW, et al. Multi- 
variate analysis of the long-term results of coronary artery 
bypass grafting performed during 1976 and 1977. Am J 
Cardiol 1986;57:1264-7. 

12. Killen DA, Reed WA, Arnold M, et al. Coronary artery 
bypass in women: long-term survival. Ann Thorac Surg 1982; 
34:559--63. 

13. Richardson JV, Cyrus RJ. Reduced efficacy of coronary artery 
bypass grafting in women. Ann Thorac Surg 1986;42(Suppl): 
$16-21. 

14. Brenowitz JB, Kayser KL, Johnson WD. Triple vessel coro-. 
nary artery endarterectomy and reconstruction. J Am Coll 
Cardiol 1988;11:706~11. 

15. Cutler SJ, Ederer F. Maximum utilization of the life table 
method in analyzing survival. J Chronic Dis 1958;8:699-712. 

16. Feinleib M, Hurley PL, Kapantais G. National Center of 
Health Statistics: vital statistics of the United States. Vol I, 
Part A, Mortality, Section 6:10. Washington, DC: US Gov- 
ernment Printing Office, 1980. 

17. Johnson WD, King JF. Coronary bypass surgery in diabetic 
patients. In: Scott RC, ed. Clinical cardiology and diabetes. 
New York, Futura Publishing Co, 1981:23-30. 

18. Johnson WD, Brenowitz JB, Saedi SF. Coronary artery by- 
pass surgery reoperations. In: Adams AS, Roberts AJ, eds. 
Cardiac colloquy. Boston: Adams Publishing Groups, 1987: 
21-30. 

19. Brenowitz JB, Johnson WD, Kayser KL, et al. Coronary artery 
bypass grafting for the third time or more. Results of 150 
consecutive cases. Circulation 1988;78(Suppl 1):166-70. 

20. Lytle BW, Loop FD, Cosgrove DM, et al. Fifteen hundred 
coronary reoperations. Results and determinants of early and 
late survival. J Thorac Cardiovasc Surg 1987;93:847-59. 

21. Loop FD, Lytle BW, Cosgrove DM, et al. Influence of the 
internal-mammary-artery graft on 10-year survival and other 
cardiac events. N Engl J Med 1986;314:1-6. 





dysfunction, and a more recent operative date. This improve- 
ment in surgical over medical survival is consistent comparing 
1970, 1977, and 1984 even though in each successive time period 
higher-risk patients were accepted for operation. 

The improvement is quite dramatic in patients with reduced 
ventricular function. Thus, the larger the medical risk the greater 
the benefit from operation; or, said another way, the sicker the 
patient the greater the benefit. 

This increase in surgical survival has progressed so that by 
1984, almost all subgroups have shown an improvement. Ex- 
pressed as a hazard ratio, by 1984 the 95% confidence limits 
demonstrate benefit in all groups except single-vessel disease. 

It is important to stress that the subgroups of patients with 
reduced long-term surgical survival are not bad surgical patients. 
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These are the same patients who, if treated medically, will have 
an even worse prognosis. Thus, selection of only low-risk pa- 
tients deprives patients who would achieve the greatest survival 
benefit from operation. 

In this context I wonder if Dr Brenowitz would expand his 
thoughts on the use of internal mammary artery bypass grafts. I 
was interested to note that single or double mammary artery 
grafts equally improved survival and that use of an internal 
mammary artery graft to virtually any coronary artery seemed to 
provide the sarne long-term survival benefit. 


DR BRENOWITZ: The answer is | don’t know. We're going to 
look at that more carefully. These are raw data; it’s very surpris- 
ing. I think that it is clear that in every age group that we studied, 
from the youngest to the oldest patients, the presence of a 
mammary artery graft increased survival throughout the entire 
period of observation, up to 15 years, and the difference between 
patients receiving mammary artery grafts and patients receiving 
only vein grafts was more dramatic the longer the follow-up. 
We have not looked at it carefully enough to know the effect of 
left ventricular function on those groups, how many of the 
patients had endarterectomies, or how many patients had redo 
operations, and I think some of these other factors might play 
a role. 
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I personally think that if the patient has a large lateral marginal 
branch or a very large diagonal branch, that is probably a much 
better artery to put the mammary artery into than a diffusely 
diseased and small left anterior descending coronary artery. Dr 
Johnson has been doing that for quite some time. So we tend to 
put the mammary artery, when we use a single left or right 
mammary artery, into the best artery available and not necessar- 
ily just into the anterior descending. Why two or three mammary 
bypass grafts don’t seem to do better than one I cannot explain. 

I would like to say two things in closing. First, we hear a lot 
about angioplasty and other methods of treatment, and people 
are talking about what they call long-term results. 1 think Dr 
Akins was more precise when he talked about intermediate-term 
results. Certainly 10-year and now 15-year results are available 
for bypass grafting. Furthermore, it is clear from our data that as 
time goes on the results seem to deteriorate, although not as 
much if you use mammary artery bypass grafts. I think that this 
is important information that can be used to compare the 
durability of various treatments. 

And finally, even in the best groups of patients it is obvious 
that after 5 or 6 years the annual mortality rate increases 
significantly. Clearly other things are required to try to improve 
the survival in these patients, such as risk factor modification, 
diet, exercise, and cessation of smoking. 
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The technique for implanting the homograft aortic valve 
is significantly more complex than that of either the 
bioprosthetic or mechanical valve. During development 
of the procedure, errors of technique were committed; a 
critical analysis of the learning experience is presented. 
In the initial 31 patients, the following problems were 
encountered: mitral stenosis secondary to inadequate 
debulking of the homograft (1 patient), prolapse of a 
single homograft leaflet necessitating valve replacement 
three days later (1 patient), incorrect homograft orienta- 
tion with torsion in a calcified aorta necessitating subse- 
quent replacement (1 patient), and aortic sinus perfora- 
tion (thawing injury) (1 patient). In addition, another 4 
patients had diastolic murmurs thought to be secondary 
to inadequate tension setting of the homograft commis- 
sural posts. From this experience, several important 
technical considerations for homograft replacement of 


| ee in use of the homograft valve for aortic valve 
replacement was initiated in the early 1960s by Ross [1] 
and Barratt-Boyes [2]. Since that time, several experienced 
surgeons [3-8] have advocated use of this valve as an 
equal, if not superior, choice for aortic valve replacement 
in young and older patients alike. To achieve clinical 
success, however, it is noteworthy that these same sur- 
geons have spent considerable time in the development of 
a technique that assures excellent immediate and interme- 
diate-term results [4-9]. Although excellent results have 
‘been achieved and reported by these surgeons, a precise 
outline of implantation technique has been infrequently 
available [10]. 

Careful processing. and storage of the cryopreserved 
homograft valve has now made it immediately available to 
large numbers of surgeons, but past successful methods 
of implantation have been related more to technical art- 
istry and experience than to specific step-by-step instruc- 
tion. Without specific tutorial guidance from those having 
years of experience with freehand implantation tech- 
niques, potential problems can occur immediately or 
shortly after implantation; these necessarily dampen en- 
thusiasm for what may prove to be an important and 
superior alternative for aortic valve replacement. 
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the aortic valve were noted: use of interrupted subannu- 
lar sutures; careful inspection for aortic perforation 
(thawing); extensive trimming of the homograft septum 
and mitral remnant; orientation of the homograft to the 
recipient aorta to obtain the best commissural and sinus 
alignment; selection of another type of valve if the size of 


the recipient annulus is greater than 27 mm; retention of 


the homograft sinus, which orients to the recipient non- 
coronary sinus (for a calcified aorta); and exaggerated 
tension on the homograft commissural posts before ini- 
tiation of the second suture line. There has been 1 
hospital death and no late. deaths. Adherence to rigid 
principles of technique has resulted in no further valve 
replacements and no incidences of valvular leakage at 
early or late follow-up. 


(Ann Thorac Surg 1989;48:26-32) 


The purpose of this report is to present a detailed 
technical analysis of my initial experience using the cryo- 
preserved homograft valve in the aortic position with 
special emphasis on difficulties encountered during the 
learning curve for freehand implantation. 


Material and Methods 


Over the past 18 months, 31 cryopreserved homograft 
aortic valves (CryoLife Laboratories, Marietta, GA) have 
been implanted freehand by me at Emory University 
Hospital. There were 22 male and 9 female patients with 
a mean age of 50 years. The range of valve sizes is shown 
in Table 1. Aortic valve replacement was performed for 
aortic stenosis in 14 patients, aortic regurgitation in 11 
patients, and combined aortic stenosis and aortic regurgi- 
tation in 6 patients. Two patients had prior coronary 
artery bypass grafting and 1 patient, a previous porcine 
bioprosthetic aortic valve replacement. Freehand ho- 
mograft aortic valve replacement was performed with 
coronary artery bypass grafting in 3 of the patients and for 
healed endocarditis in 3 patients. In 2 patients, aortic root 
enlargement through the noncoronary sinus was com- 
bined with homograft valve replacement. 


Technique of Operation 


Because of the increased time required to perform the 
operation, superior myocardial preservation becomes ex- 
tremely important. To accomplish these goals, bicaval 
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Table 1. Distribution of Valve Sizes in 31 Patients 


Valve 
Size No. of 
(mm) Patients 


17° 
18 
19 
20 
21 
22 
23 
24 
25 
26 


U O eA A N NO 


= = =e 


è Two patients had noncoronary sinus root enlargement with glutaralde- 
hyde-treated pericardium. 


cannulation, systemic hypothermia to 21° to 25°C, and 
frequent administration of 4°C crystalloid cardioplegia are 
used. 

A standard “hockey-stick” aortotomy incision into the 
noncoronary sinus with removal of all annular and sub- 
annular calcium is performed. The aortic incision is 
planned to avoid any area of the aorta where commissural 
sutures will be placed. The diameter of the aortic annulus 
and the transcommissural diameters are measured to a 
tight fit with a disc sizer, and a homograft 3.0 mm smaller 
than the diameter of the annulus is thawed while inter- 
rupted pledgeted 3-0 sutures are inserted. These sutures 
are placed approximately 3.0 mm below the native annu- 
lus but in such a manner as to avoid the conduction 
system and the body of the anterior mitral valve leaflet. At 
these two levels, the sutures are moved back to the level 
of the native annulus. The subannular sutures are also 
placed low enough to avoid encroachment on the coro- 
nary ostia (Fig 1). I and others [4, 6, 10] believe that 
interrupted sutures for the proximal row allow better 
exposure and less chance for homograft malrotation than 
the continuous suture technique. 


Preparation of Homograft 


Once thawed, the homograft should be carefully in- 
spected under magnification for intimal and medial tears 
that may become manifest at the time of warming. Any 
abnormality of the sinuses must also be noted, with 
particular attention paid to potential cusp prolapse. Next, 
the anterior mitral leaflet and then the septum of the 
homograft are carefully trimmed to a perfect cylinder 3 to 
4 mm in width (Fig 2). The homograft septum is debulked 
thoroughly and the homograft aorta divided distally 1 cm 
above the commissural attachments. 

Oniy two of the three homograft sinuses are scalloped 
approximately 3 mm above the annulus in a U, not V, 
shape. This scalloping can be more precisely performed 
prior to insertion of the homograft into the aortic root, 
where manipulation and visibility are more limited. The 
sinus oriented to the recipient noncoronary sinus is not 
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scalloped; this is particularly helpful when aortic wall 
calcification is dense at the lower portion of the sinus or 
when it is desirable to use the homograft noncoronary 
sinus wall to conform symmetrically to the recipient aorta, 
thereby maintaining the cylindrical configuration of the 
entire homograft unit. The latter technique is useful when 
the recipient noncoronary sinus is thinned and degener- 
ative and in need of reinforcement. As a useful general 
guide, the depth of the scallop will be determined by the 
distance between the coronary ostia and the proximal 
suture line. 


Orientation of Homograft 


Although orientation of the anterior mitral leaflet of the 
homograft to the recipient septum gives the most even 
distribution of bulk within the annulus, the most versatile 
approach is to orient the homograft to whatever position 
gives the best commissural alignment. Orientation of the 
homograft mitral remnant to the left main coronary artery 
minimizes any bulky septal impingement on the ostium. 
If the transcommissural diameter (at the sinotubular 
ridge) is slightly smaller than the homograft aortic wall, 
orientation of the largest homograft sinus toward the 
recipient left sinus (which is usually long) allows any 
excessive circumference of the homograft aortic wall to be 
distributed evenly on either side of the left main coronary 
artery and into the noncoronary sinus. Although these 
guidelines are potentially helpful and should be appreci- 
ated, the most frequent practice has been to orient the 
homograft in the most natural position, ie, left sinus of the 
homograft to the left sinus of the recipient. 

Once oriented, the homograft is inverted (by pushing 
the commissural posts centrally) so that the leaflets oc- 
cupy an external position (Fig 3). This maneuver is per- 
formed to enhance visibility when passing the subannular 
3-0 sutures into the muscular and fibrous base of the 
homograft valve. The homograft is lowered into position, 
but before the individual sutures are tied, the commis- 





Fig 1. Placement of subannular sutures below plane of left and right 
coronary ostia. 
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Fig 2. (A) Trimming anterior leaflet of the mitral valve and septum 3 
to 4 mm below the homograft leaflets. (B) Debulking the septal muscle 
remnant. (C) U-shaped scallop of left and right sinuses only; thus re- 
taining aortic wall, which orients to recipient noncoronary sinus. 


sural posts are temporarily everted to check for suture 
entrapment. Once the sutures are tied, the valve is 
everted from the ventricle (Fig 4), and tension is set on the 
commissural posts, thus elevating the homograft commis- 
sures to a plane approximately 5 mm above the top of the 
native commissural attachments (Fig 5). This latter ma- 
neuver avoids leaflet prolapse under diastolic pressure 
once the operation has been completed. The direction of 
force applied to the commissural posts is that of the native 
commissures. A second row of sutures (4-0 Prolene, RB-1; 
Ethicon, Inc, Division of Johnson & Johnson, Somerville, 
NJ) evenly distributes the homograft throughout the 
circumference of the aorta. 
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Fig 3. (A) Inversion of homograft so that leaflets are external and readily 
visible. (B) Homograft as it appears in left ventricular cavity as su- 
tures are tied. 


Anatomical Variations 


When there is a marked discrepancy between the aortic 
annulus diameter (small) and the body surface area of the 
patient (large), and aortic annulus enlargement is indi- 
cated, the homograft can still be used with a modification 
of the technique of Manouguian and Seybold-Epting [11]. 
The aortotomy incision is carried down into the anterior 
leaflet of the mitral valve, and a generous portion of 
glutaraldehyde-treated pericardium is used to expand the 
native annulus to the desired homograft size (Fig 6). The 
annulus is sized, canting the disc sizer into the patch and 





Fig 4. Eversion of valve from left ventricle. 
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Fig 5. (A) Temporary traction sutures elevate homograft commissural 
posts above and in line with native commissures. (B) Retention of 
noncoronary sinus of homograft to maintain cylindrical configuration. 
(C) Completion of second row of sutures, which evenly distributes 
homograft throughout the aortic circumference. 


marking the “new, expanded” pericardium with an ink 
pen. The interrupted 3-0 sutures are then passed through 
the pericardium at this level, and the suture line is 
completed in both the native and expanded pericardial 
annulus (Fig 7). The homograft valve is then inserted as 
described previously (Fig 8). 


Results 


There has been 1 death among the 31 patients for a 
combined early and late mortality of 3.2%. The patient 
died on the seventh postoperative day of an arrhythmia 
thought not to be related to the homograft valve. The 
patient was to be discharged from the hospital the follow- 
ing day. 

Explantation of the homograft was necessary in 5 pa- 
tients, in 2 immediately and in 3 at 3, 8, and 37 days after 
implantation. In the 2 patients requiring immediate ex- 
plantation, the reason was impairment of mitral valve 
function (restriction of anterior leaflet motion with left 





atrial pressure changes of mitral stenosis) in 1 patient and 
unacceptable aortic insufficiency after implantation of a 
26-mm homograft into an aortic annulus 29-mm in diam- 
eter in the other. 

In 1 patient, a 23-mm homograft valve was explanted 
four days after implantation. The valve was preserved on 
removal and subsequently demonstrated prolapse of the 
noncoronary cusp when tested under hydrostatic pres- 
sure. Another patient required replacement of the ho- 
mograft with a mechanical valve eight days after implan- 
tation. The 25-mm homograft demonstrated perfect 
apposition of the leaflets when the valve was viewed in 
the collapsed state, but was clearly leaking under diastolic 
pressure. The original reason for insertion of the ho- 
mograft was to replace a failed 29-mm porcine biopros- 
thesis. In the final patient who required removal of the 
homograft (at 37 days), partial dehiscence of the valve, 
which was implanted into a heavily calcified aorta and 
annulus, developed. Torsion from malalignment of the 
homograft was also thought to be responsible. 
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Fig 6. Technique employed for expanding aortic root diameter using 
pericardial gusset when annulus is hypoplastic. See text for details. 


Comment 


Freehand aortic homograft implantation in the subcoro- 
nary position was introduced by Ross [1] in 1962 and used 
subsequently by Barratt-Boyes [2] in 1964. Experience was 
limited to very few centers because of complex problems 
with availability, procurement, and preservation, diffi- 
culty of insertion, reports of early failures, and availability 
of satisfactory alternative bioprostheses [6, 8, 12-15]. 
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Cc 
Fig 7. Determining new plane of valve and placement of sutures 
when aortic annulus is enlarged into noncoronary sinus and anterior 
leaflet of mitral valve. 


Recent interest in freehand homograft replacement of 
the aortic valve has been generated by several factors: the 
suggestion that cryopreserved valves contain living cells 
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Fig 8. Final orientation of homograft in expanded aortic root. 


(fibroblasts) of donor origin a time long after valve im- 
plantation; development of effective procurement, preser- 
vation, and distribution techniques; and reports that 
long-term durability of efficiently procured antibiotic- 
sterilized cryopreserved valves in a variety of sizes is 
substantially better than predicted in early reports and 
may approach an actuarial 10-year freedom from degen- 
eration of close to 90% once technical problems of inser- 
tion have been overcome [4, 6, 7, 9, 12]. In addition, 
worldwide experience has demonstrated that throm- 
boembolism is almost nonexistent with a homograft valve 
and that the incidence of endocarditis after implantation 
of such a valve is the lowest among all valve choices for 
heart valve replacement [5, 7]. It is the valve of choice for 
the treatment of active endocarditis [16]. 

In spite of improved procurement and availability, 
quantities are not yet sufficient to allow ABO or Rh 
compatibility matches between donor valve and recipient. 
Blood group mismatch has not been associated with a 
higher incidence of tissue failure to date, but as tissue 
preservation techniques improve, this might become a 
problem in the future [6, 7, 17]. 

Before meaningful actuarial curves of valve degenera- 
tion, freedom from reoperation, or freedom from valve- 
related death can be constructed, freedom from technical 
problems related to the operative procedure must be 
achieved. 

Important aspects of the learning curve that are worthy 
of emphasis include accurate sizing of both the diameter 
of the annulus and the transcommissural diameter in the 
recipient aorta, interrupted subannular pledgeted su- 
tures, and extensive debulking of the homograft. 

Whenever the transcommissural diameter of the recip- 
ient is substantially larger than that of the aortic annulus 
or the homograft itself, others [9, 14, 15, 18] have sug- 
gested aortic root tailoring procedures. Barratt-Boyes and 
associates [9] performed this in 7.5% of patients in an 
early series. In the patients so treated, the aortic root was 
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excessively large in proportion to the homograft diameter. 
At the Southampton hospital in England, Virdi and co- 
workers [14] performed aortic root tailoring in 53% of 200 
patients having freehand homograft aortic valve replace- 
ment. However, early diastolic murmurs were quite fre- 
quent (28%) among patients having a tailoring procedure, 
and Virdi and co-workers recommended avoiding the 
homograft if the diameter of the recipient annulus was 
greater than 24 mm. The incidence of aortic regurgitation 
in patients having alteration (plication or excision of a 
strip of aortic wall) of the noncoronary sinus was also 
increased in the series reported by Thompson and col- 
leagues [15]. Miller and Shumway [6] used extra material 
to expand the aortic root in 30% to 40% of patients in their 
series. In either case, whether there is plication of a large 
aortic root or placement of a gusset in the small aortic 
root, the primary objective is to maintain the cylindrical 
size and shape of the noncoronary sinus to prevent 
distortion of the homograft, poor leaflet coaptation, and 
subsequent aortic regurgitation. 

Although excellent clinical surgeons still effectively use 
a continuous suture technique for the proximal subannu- 
lar attachment of the homograft [7, 9, 16], Matsuki and 
associates [5], as well as Moreno-Cabral and co-workers 
[10], believe that use of interrupted sutures for the lower 
suture line dramatically reduces the incidence of technical 
failure due to malrotation. For this reason, as well as 
improved exposure and more secure placement, I also 
have used the interrupted technique. 

Extensive debulking of the homograft while avoiding 
perforation of the muscle remnant or encroachment on 
the homograft leaflets is important to prevent excessive 
tissue in and around the coronary ostia (Fig 9). If the 
amount of retained septal muscle is extreme, impairment 
of mitral valve function can also occur, resulting in clinical 
mitral stenosis (Fig 10). 

Technically successful implantation also depends on 
precise scalloping of two homograft sinuses only (re- 
taining the noncoronary sinus), inversion of the ho- 





Fig 9. Inadequate debulking of septum can produce encroachment on 
coronary ostia with obstruction. 
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Fig 10. Retained excessive bulk of homograft muscle can produce im- 
pairment of mitral valve function. 


mograft so that the leaflets are externally visible, setting 
excessive tension on the homograft commissural post 
above that of the native commissural attachment, and 
avoiding use of the homograft valve altogether when 
excessively large roots are encountered. 

By retaining the noncoronary sinus, the spatial relation- 
ships of the other commissures are maintained, preserv- 
ing the beneficial cylinder so important in avoiding val- 
vular regurgitation [4]. Miller and Shumway [6] retain the 
noncoronary sinus for use as a gusset to keep the spatial 
relationship of the commissures. With inversion of the 
homograft wall, the aortic leaflets are external and are 
more easily protected from injury from the 3-0 needle. 
Exaggeration of the tension on the homograft commis- 
sural posts above the normal commissural attachments 
prevents prolapse of the leaflets into the ventricle once a 
diastolic load is imposed on the cusp edges (Fig 11). 

Finally, there are anatomical conditions that dictate 
selection of an alternative valve substitute, and this most 
commonly arises when the aortic root of the recipient is 





Fig 11. If tension on homograft commissural posts is not exaggerated 
above (approximately 5.0 mm) native commissural attachment, pro- 
lapse of leaflets with aortic regurgitation can occur. 
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excessively dilated. Although Barratt-Boyes and co- 
workers [9] have stated this occurs when the aortic 
annulus diameter is greater than 30 mm, this approach 
requires great experience and knowledge of aortic root 
tailoring procedures with their known disadvantages. In 
my opinion, an alternative valve should be selected when- 
ever the aortic annulus diameter is greater than 27 mm 
provided at least a 25-mm homograft is readily available. 
The experience in two of the five instances of failure lends 
support to this recommendation. 
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A total of 197 consecutive patients undergoing pneu- 
monectomy at the M.D. Anderson Cancer Center from 
1982 to 1987 were reviewed. Sixty-five variables were 
analyzed for the predictive value for perioperative risk. 
The operative mortality rate was 7% (14/197). Patients 
having a right pneumonectomy (n = 95) had a higher 
operative mortality rate (12%) than patients having a left 
pneumonectomy (1%, p < 0.05). The extent of resection 
correlated with the operative mortality rate (chest wall 
resection or extrapleural pneumonectomy, n = 39, 15%; 
versus simple or intrapericardial pneumonectomy, n = 
158, 5%; p < 0.05). Patients whose predicted postopera- 


Do recent progress in chemotherapy and radia- 
tion therapy, complete resection of a tumor offers 
the best possibility for long-term survival in patients with 
lung cancer [1]. In some patients, a pneumonectomy with 
or without chest wall or pleural resection may be required 
to remove the entire tumor. Long-term survival after 
resection of pulmonary metastases has been well docu- 
mented, and surgical resection may be a useful adjunct in 
the multimodality treatment of metastatic cancer [2]. In 
select cases, a pneumonectomy may be required for 
resection of the metastases. Extrapleural pneumonectomy 
may offer palliation and local control in some patients 
with pleural mesotheliomas [3]. 

It is well recognized that recent advances in anesthesia, 
intensive care, and invasive and noninvasive periopera- 
tive evaluation and monitoring have reduced the mortal- 
ity rates for major pulmonary resections. However, pneu- 
monectomy continues to be associated with the highest 
mortality rate for all types of pulmonary resection. In 
1987, Krowka and associates [4] reported an 11% 30-day 
mortality rate for pneumonectomy. Weiss [1] reported a 
series of patients undergoing pulmonary resection for 
lung carcinoma with a mortality rate of 17% for pneu- 
monectomy. 

An accurate current estimation of surgical risk is useful 
in weighing varicus therapeutic options. We, therefore, 
undertook a review of all patients undergoing pneu- 
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tive pulmonary function, by spirometry and xenon 133 
regional pulmonary function studies, was a forced expi- 
ratory volume in 1 second > 1.65 L, forced expiratory 
volume in 1 second > 58% of the preoperative value, 
forced vital capacity > 2.5 L, or forced vital capacity > 
60% of the preoperative value had a lower operative 
mortality rate (p < 0.05). Atrial arrhythmia was the most 
common postoperative complication (23%). Xenon 133 
regional pulmonary function studies are useful in pre- 
dicting the risks of pneumonectomy. 


(Ann Thorac Surg 1989;48:33-7) 


monectomy at M.D. Anderson Cancer Center from July 
1982 to July 1987. The purpose of the study was to define 
the risk factors for patients undergoing pneumonectomy 
and to identify subgroups of patients at higher risk with 
preoperative criteria. 


Material and Methods 


Records of 197 patients undergoing pneumonectomy at 
M.D. Anderson Cancer Center were available for review. 
One hundred sixty-one patients underwent operation for 
primary carcinoma of the lung, 15 for mesothelioma, 15 
for metastatic disease, 3 for carcinoid, 2 for lung sarcomas, 
and 1 for plasma cell granuloma. The operations were 
performed under the direct supervision of a faculty tho- 
racic surgeon. 

Patients had a thorough preoperative evaluation to 
determine the tumor stage, as well as to estimate the risk 
of operation. All patients were evaluated by a senior staff 
surgeon for resectability. The patients were evaluated by 
the Section of Cardiopulmonary Medicine, where they 
underwent pulmonary function tests including regional 
pulmonary ventilation and perfusion using xenon 133 
gas. Patients were not systematically excluded from oper- 
ation based on the test results. 

For the xenon 133 test, the patients were studied in an 
upright position at rest during normal breathing. Eight 
scintillation detectors were positioned against the pa- 
tient’s back, with four over each lung. Regional pulmo- 
nary blood flow was determined by injectiori of 1 to 2 mCi 
of xenon 133 dissolved in saline solution. Regional venti- 
lation was determined from the distribution of a single 
tidal breath of xenon 133-air mixture and from the wash 


0003-4975/89/$3.50 


34 WAHI ET AL 
MORTALITY AFTER PNEUMONECTOMY 


in and wash out of the equilibration volume curve using 
the half time in seconds [5]. Using previously described 
formulas [6, 7], we were able to predict lung functions 
after resection for these patients. 

Data regarding the patients’ cardiac status were re- 
trieved, with special attention to any history of arrhyth- 
mias, coronary artery disease, hypertension, or cardiac 
failure. Using the criteria described by Goldman [8], a 
numerical value was assigned to each patient. Other 
preoperative variables analyzed in this study are as fol- 
lows: 


General medical condition 
Diabetes 
Creatinine level 
Hemoglobin level 
Serum albumin level 
Tumor characteristics 
Type 
Preoperative stage 
Final stage 
Surgical factors 
Extent of resection 
Additional procedures 
Completion pneumonectomy 
Side of resection 
Time taken 
Stapler use 
Staff surgeon | 
Transfusion requirements 
Postoperative variables 
Length of mechanical- ventilation 
Length of intensive care unit stay 
Length oi hospitalization 
Pulmonary edema 
Bronchorleural fistula 
Atelectasis, 
Wound infection 
Other complications 


-Patients dying within 30 days of operation or during the 
same hospitalization were considered operative deaths. 
Based on the clinical course of the patierits, we were able 
to classify five deaths as resulting from cardiac causes, 
two deaths from pulmonary causes, six deaths from 
cardiopulmonary causes, and onè death from technical 
catises. 

All postoperative arid intraoperative complications, 
regardless of their impact on the hospital stay, were 
noted. These included arrhythmias, premature ventricu- 
lar contractions, pulmonary edema, pneumonia, bron- 
chopleural fistula, wound infections, intubation longer 
than 48 hours, atelectasis, and secretions requiring ther- 
apeutic bronchoscopy. 

The necessity for pneumonectomy was determined T 
the -staff surgeon at the time of operation. All patients 
with primary lung cancer underwent complete lymph 
node mapping. The extent. of resection was primarily 
determined by the tumor size and local extension. In this 
series, 92 patients (46%) had a simple pneurnonectomy 
with lymph node dissection, whereas 66 patients (34%) 
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had an intrapericardial pneumonectomy. The other 39 
patients (20%) required resection of the chest wall, pleura, 
or diaphragm. 

Eighteen patients (10%) had prior pulmonary resection 
and had a completion pneumonectomy. In addition, 39 
patients had mediastinoscopy, 5 had an anterior mediasti- 
notomy, 2 had a concomitant tracheostomy, 1 had a 
staging adrenalectomy, 1 had a concomitant thymectomy, 
and 2 were operated on via a midline sternotomy incision. 

The incidence of surgical complications including 
deaths was compared for patients according to the demo- 
graphic and disease characteristics, pulmonary functions, 
and surgical variables. Differences were compared by y 
tests. All p values are two-tailed. 


Results 


The mean (+ standard error of the mean) age of patients 
in this series was 55 + 0.8 yr. There were 137 men and 60 
women. The mean postoperative hospital stay was 10 + 
0.4 days; the mean intensive care unit stay was 3 + 0.2 
days. Patients required a mean of 36 + 5 hours of 
mechanical ventilation. 

The mortality rate was 7%; and this was not signifi- 
cantly influenced by age, sex, or Goldman criteria (Table 
1). Patients who had a right pneumonectomy had a higher 
operative mortality rate (12%) compared with patients 
who had a left pneumonectomy (1%) (p < 0.05). This 
difference was independent of other factors. 

Patients who had chest wall resection, extrapleural 
pneumonectomy, or resection of the diaphragm had a 
mortality rate of 15%, compared with 5% for patients who 
had a simple or intrapericardial pneumonectomy (p < 
0.05). 

Transfusion requirements greater than 3 units increased 
the operative mortality rate from 4% to 17% (p < 0.05). 
However, there was a statistically significant correlation 
between the extent of resection and transfusion require- 
ments, indicating that transfusion was not an indepen- 
dent determinant of operative mortality. The mean total 
volume of fluids given during the perioperative period 
(24-hour period after induction of anesthesia) was 5.4 + 
0.8 L. The total volume of fluid was not significantly 
increased in those patients who died after operation. The 
volume of fluids given perioperatively did not differ 
significantly for patients receiving a right compared with 
left pneumonectomy. 

Patients undergoing a completion pneumonectomy had 
a mortality rate of 11% compared with 6.7% for other 
patients. This difference was not statistically significant. 

Patients with a preoperative forced vital capacity (FVC) 
less than 85% of the preoperative predicted normal value 
had a mortality rate of 11%, which was significantly (p < 
0.05) higher than that of patients with an FVC greater 
than or equal to 85% of predicted (3%). We were unable to 
show any statistically significant differences in mortality 
based on preoperative forced expiratory volume in 1 
second (FEV,), ratio of FEV,/FVC, absolute FVC, or forced 
expiratory flow (FEF). 

' Using the regional ventilation perfusion studies and 
standard pulmonary function tests, we calculated the 
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Table 1. Differences in Operative Mortality for Various 
Criteria 








No. of 
Deaths/ 

No. of Mortality p 
Criterion Patients (%) Value? 
Age NS 

<70 years 12/181 6.6 
=70 years 2/16 13 
Sex NS 
Male 12/137 9 
Female 2/60 
Goldman's criteria NS 
<9 11/176 6 
>9 1/21 14 
Side <0.05 
Right 13/95 14 
Left 1/102 1 
Extent of resection <0.05 
Simple 4/92 
Intrapericardial 4/66 6 
Exterided 6/39 15 
Transfusions : <0.05 
None 3/93 3 
13 4/64 6 
>3 -7140 18 , 
Completion 18 11 NS 
pneumonectomy 





4 Determined by x? analysis. 
NS = not significant. 


predicted postresection FEV, and FVC (Table 2). Patients 
with a predicted postoperative FEV, of 1.65 L or more had 
no perioperative deaths, compared with a perioperative 
mortality rate of 9% in patients with a lower predicted 
FEV, (p < 0.05). Patients with a predicted FEV, less than 
41% of normal had a mortality rate of 16% compared with 
a mortality rate of 3% for patients with a predicted FEV, 
greater than or equal to 41% of normal. 

Patients with a predicted postoperative FVC greater 
than or equal to 2.13 L had a mortality rate of approxi- 
mately 2.5% compared with 11% in patients with a lower 
predicted FVC (p < 0.05). Patients with a predicted 
postoperative FVC greater than or equal to 51% of normal 
had a mortality rate of approximately 1% compared with 
12% in patients with a lower predicted FVC (p < 0.05). 
Additional procedurès such as mediastinoscopy and me- 
diastinotomy did not adversely affect mortality rate. 

Atrial arrhythmias were the most common complica- 
tion, occurring in 46 patients (23%). Atrial arrhythmias 
were seen in 23% of patients undergoing simple pneu- 
monectomy comvared with 20% of patients requiring 
intrapericardial dissection (not significant). Patients who 
developed atrial arrhythmias had a longer stay in the 
intensive care unit (4.8 versus 2.5 days) and a longer 
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postoperative hospital stay (13.7 versus 9.3 days) com- 
pared with patients who did not develop atrial arrhyth- 
mias (p < 0.05). 

Patients undergoing simple pneumonectomy had a 36% 
incidence of complications compared with 53% for intra- 
pericardial resection. Other procedures such as chest wall 
resection, extrapleural pneumonectomy, and diaphragm 
resection increased the complication rate to 67%. 

The incidence of all nonfatal complications increased 
with the number of transfusions required. Patients who 
required no transfusion had a 39% incidence of complica- 
tions, whereas patients requiring three or more transfu- 
sions had a 61% incidence of complications. Because of 
the correlation between extent of resection and transfusion, 
the transfusion requirement was not an independent 
predictor of operative complications. We were unable to 
show any significant effect of age, sex, preoperative lung 
function tests, or predicted lung function on the incidence 
of all postoperative complications. 

Cardiac failure developed in 18 patients (9%), showing 
no correlation with age or Goldman’s criteria. Eighteen 
patients required ventilation longer than 48 hours. These 
patients had a mean preoperative FEV, of 69% of pre- 
dicted normal compared with a mean preoperative FEV, 
of 79% of predicted normal for patients requiring ventila- 
tion for 48 hours or less (p < 0.05). No significant 
differences in other measures of preoperative spirometry 
could be demonstrated. However, when analyzing pre- 
dicted postoperative lung function, significant differences 
were noted (Table 3). Patients requiring prolonged venti- 
lation had a mean predicted FEV, of 43% of normal 
compared with 48% (p < 0.05) and mean predicted FVC of 
45% compared with 52% (p < 0.05) for patients requiring 
mechanical ventilation for 48 hours or less. Other pulmo- 
nary complications, such as major atelectasis, pneumonia, 
and retained secretions, occurred in 13 patients (6.6%). 

Technical complications such as excessive blood loss 
(>6 units), loss of arterial or venous control, failure of the 
stapler to fire correctly, and inadvertent injury to unre- 
lated structures occurred in 13 patients (6.6%). Eight 
patients (4%) developed a bronchopleural fistula. All 
bronchopleural fistulas developed on the right side (p < 
0.05). 


Table 2. Predicted Postoperative Lung Function 





f No. of 
Variable Patients Deaths? Value? 
FEV, (L) 21.65 47 0 (0) 
<0.05 
<1.65 126 12 9) 
FVC (L) 22.13 78 2 (2.5) 
<0.05 
; <2.13 95 10 (11) 
Percent FEV, 241% 122 4 (3) 
<0.05 
. <41% 51 8 (16) 
Percent FVC 251% 83 1@) 
: <0,05 
<51% 90. 11 (12) 





* Numbers in parentheses are percentages. 


è? Determined by y anal- 
ysis. 


FEV, = forced expiratory volume in 1 second. FVC = 
capacity. 


forced vital 
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Table 3. Lung Function in Patients Requiring Prolonged 
Ventilation 











Ventilation? 
>48 Hours =48 Hours 
Variable (n = 18) (n=179) Value? 
Percent predicted 69% + 0.04% 79% + 0.01% <0.05 
normal FEV, 
(preoperative) 
Predicted 1.26 + 0.04 1.49 + 0.07 <0.05 
(postoperative) 
FEV, (L) 
Percent predicted 43% + 0.02% 48% +0.01% <0.05 
(postoperative) 
FEV, 
Predicted 1.93 + 0.12 2.08 + 0.05 NS 
(postoperative) 
FVC (L) 
Percent predicted 45% + 0.02% 52% + 0.01% <0.05 
(postoperative) 
FVC 


2 Data are reported as mean + standard deviation. > Determined by 


Student’s £ test. 


FEV, = forced expiratory volume in 1 second; 
capacity; NS = not significant. 


FVC = forced vital 


Comment 


Two large series [4, 9] describing the risks of pneumonec- 
tomy have recently been published. One multicenter 
study [9] reported a mortality rate of approximately 7% for 
patients undergoing simple pneumonectomy for carci- 
noma of the lung. The other series [4] described patients 
with a variety of diseases that required a pneumonec- 
tomy. The mortality rate in that series was 13%. Our 
mortality rate of 7% is consistent with these and earlier 
reports [10]. 

In a separate study, Reichel [10] showed no significant 
increase in mortality related to age. Kohman and associ- 
ates [11] reported an increase in the operative mortality 
rate from 2.4% for patients younger than 60 years of age to 
7.4% in patients older than 60 years. This study consid- 
ered all types of lung resections. Ginsberg and co-workers 
[9] reported an increased mortality rate in patients older 
than 70 years. However, further analysis of their data for 
pneumonectomies alone shows a mortality rate of 5.9% 
for patients older than 70 years compared with 8% in 
patients younger than 70 years. 

Our results show no significant increase in mortality 
related to age. Reviewing patients older than 70 years of 
age, Breyer and co-workers [12] reported a mortality rate 
of 5% in patients with either lobectomy or pneumonec- 
tomy. The increased risk associated with right pneu- 
monectomy is documented in various publications [10, 13, 
14]. 

Gerson [15] reported a higher mortality rate in patients 
with a preoperative FEV, of less than 70% of the predicted 
normal value. Similar results were reported indepen- 
dently by Boushy and co-workers [16]. However, Keagy 
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and associates [17] reported no significant effects of pre- 
operative FEV, and FVC on mortality. In this study, 
ventilation perfusion scans were not performed and no 
attempt was made to estimate postresection lung func- 
tion. 

In an experimental clinical study, Adams and col- 
leagues [18] showed the importance of cardiopulmonary 
reserve as a determinant of risk. Since then, many inves- 
tigators have reported the effects of tests of predicted 
postresection lung function on mortality. Earlier studies 
were done using a double-lumen Carlen tube placed 
under local anesthesia. Neuhaus and Cheriack [19], in 
such a study, showed good correlation between predicted 
lung function and complications. 

The introduction of ventilation perfusion studies using 
xenon 133 gas obviated the need for double-lumen tubes 
for such tests. Various investigators [6, 7] have reported 
the technique and the reliability of these studies in calcu- 
lating predicted lung function. These predictors are very 
useful clinically because regional and overall pulmonary 
functions remain stable after pneumonectomy [20]. In our 
series, we were able to show significant differences in 
mortality based on predicted lung function. 

The incidence of atrial arrhythmias after pneumonec- 
tomy varies from 6% to 29% in various series [21, 22]. We 
report an incidence of 23%, but were unable to demon- 
strate any differences based on the extent of resection. 

This study shows that the operative mortality rate after 
pneumonectomy has not changed greatly over the last 
two decades. Most of the deaths in this series were from 
cardiac and cardiopulmonary causes. 

Using the preoperative xenon 133 regional ventilation 
and perfusion studies in conjunction with overall pulmo- 
nary function tests and demographic criteria, we are able 
to identify patients at higher risk. These patients should 
receive more intensive perioperative evaluation and he- 
modynamic monitoring to reduce their operative risk. 
Such efforts should primarily be directed at the cardiopul- 
monary system. Furthermore, the risk of operation must 
be carefully balanced with a better chance for survival in 
patients requiring extended resection. 
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Does Hypothermic Fibrillatory Arrest 
Improve Myocardial Protection During 


Emergency Revascularization? 


Peter S. Greene, MD, Duke E. Cameron, MD, Elaine M. Griffiths, MB, 
Joseph M. DiNatale, BS, and Timothy J. Gardner, MD 


Division of Cardiac Surgery, The Johns Hopkins Medical Institutions, Baltimore, Maryland 


Hypothermic fibrillatory arrest (HFA) was compared 
with conventional hypothermic cardioplegic arrest 
(HCA) in a model of acute regional ischemia. In 20 pigs, 


the left anterior descending coronary artery was occluded © 


for 30 minutes before cardiopulmonary bypass. In the 
HCA group (n = 10), the heart was arrested with a 
hyperkalemic cold crystalloid solution, whereas in HFA 
animals (n = 10), the heart was vented and allowed to 
fibrillate spontaneously without cross-clamping. Minia- 
ture pH probes monitored intramyocardial pH during 45 
minutes of arrest (HCA or HFA, both with systemic and 
topical myocardial cooling) and during two hours of 
coronary reperfusion. Hypothermic fibrillatory arrest did 


Fe most patients undergoing cardiac operations, cur- 
rent techniques of hypothermic cardioplegic arrest 
(HCA) preserve ventricular function well. Profound car- 
diac cooling and the immediate chemical induction of 
electromechanical arrest permit extended periods of car- 
diac arrest with excellent metabolic and mechanical recov- 
ery. However, in certain subsets of patients these tech- 
niques of myocardial protection remain inadequate. 
Patients with acute and ongoing myocardial ischemia, 
such as those with an evolving myocardial infarction or 
those with complications from failed percutaneous trans- 
luminal coronary angioplasty, are at high risk for low 
cardiac output after emergency revascularization. Recent 
clinical reports on urgent surgical revascularization for 
acute ischemia have documented higher operative mor- 
tality, higher perioperative myocardial infarction rate 
(even with rapid transit to the operating room), and 
greater need for postoperative inotropic or mechanical 
support [1, 2]. 

Previous studies from this laboratory have demon- 
strated that when ischemic myocardium is subjected to 
hypothermic global ischemic arrest, myocardial salvage is 
adversely affected [3, 4]. Therefore, any technique that 
minimizes or obviates the global ischemic insult of aortic 
cross-clamping might result in superior myocardial pro- 
tection. 

Several clinical series using the technique of hypother- 
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not ameliorate the acidosis in the ischemic (left anterior 
descending) region; indeed, after two hours of coronary 
reperfusion, there was a trend toward more acidosis in 
the postischemic left anterior descending territory in the 
HFA group. However, HFA did prevent acidosis in the 
nonischemic (left circumflex) territory. Infarct size ex- 
pressed as percent of region at risk was 18.1% + 3.2% 
(mean + standard error of the mean) in the HCA animals 
and 18.8% + 4.4% in the HFA animals. These results 
demonstrate that HFA offers no advantage over HCA in 
protection of regionally ischemic myocardium in a model 
with minimal collateral circulation. 

(Ann Thorac Surg 1989;48:38—42) 


mic fibrillatory arrest (HFA) have suggested that HFA 
may be an effective alternative strategy for myocardial 
protection [5-7]. Typically, the technique involves perfor- 
mance of proximal aortosaphenous anastomoses before 
cardiopulmonary bypass (CPB), followed by rapid sys- 
temic cooling on CPB. Systemic arterial pressure on CPB 
is kept high, usually above 80 to 90 mm Hg. Topical 
myocardial cooling and elective ventricular fibrillation 
provide a nearly still heart for the distal coronary anasto- 
moses [5]. Advocates propose that HFA avoids the global 
ischemic insult of aortic cross-clamping and leads to 
earlier reperfusion of the most ischemic region. The 
excellent clinical results reported in high-risk patients 
undergoing emergency procedures (8] led us to examine 
whether this technique compares favorably with standard 
HCA in an animal model of acute regional ischemia. This 
model simulates emergency surgical revascularization for 
acute myocardial ischemia. 


Material and Methods 


Male and female farm pigs weighing 25 to 35 kg were 
premedicated with intramuscular ketamine hydrochloride _ 
(40 mg/kg) and anesthetized with intravenous sodium 

pentobarbital (30 mg/kg). Animals were intubated and 
maintained on a Harvard ventilator, with adjustments 
made to achieve a Po, of 100 to 200 mm Hg, Pco, near 40 
mm Hg, and pH of 7.40. Polyethylene catheters were 
inserted in the external jugular vein and common carotid 
artery to monitor central venous and arterial pressure. 
Intravenous bretylium tosylate (2 mg/kg) was adminis- 
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tered to prevent ventricular fibrillation during median 
sternotomy and exposure of the heart. 

Regional myocardial protection was assessed by on-line 
monitoring of myocardial tissue pH. Subminiature pH 
electrodes (Ingold Electrodes, Inc, Andover, MA) were 
placed at two locations near the center of the region at risk 
(left anterior descending distribution) and in one location 
in the posterolateral left ventricular wall (left circumflex 
distribution). The Khuri Regional Tissue Ischemia Moni- 
tor (Vascular Technology, Inc, 1 North Chelmsford, MA) 
[9, 10] calculated actual tissue pH based on prior calibra- 
tion and simultaneous regional myocardial temperature. 
Thirty minutes of equilibration time were allowed after 
placement of the pH probes to minimize effects of local 
tissue damage produced by pH probe insertion. 

To create reversible regional ischemia, the left anterior 
descending coronary artery was occluded with an atrau- 
matic vascular clip just distal to the first large diagonal 
branch. Hearts that fibrillated during ischemia were de- 
fibrillated quickly with a direct current countershock. 
After 30 minutes of normothermic regional ischemia, all 
animals were heparinized and connected for CPB using a 
28F venous cannula in the right atrium and a 14F arterial 
cannula in the left femoral artery. A Harvey H-1500 
bubble oxygenator primed with 1 L of homologous blood 
completed the CFB circuit. 

In the HCA animals (n = 10), the aorta was cross- 
clamped and the heart arrested with an aortic root injec- 
tion of 250 mL of 4°C hyperkalemic crystalloid cardiople- 
gic solution. In the HFA group (n = 10), the heart was 
vented via the left ventricular apex and allowed to fibril- 
late spontaneously without cross-clamping. In both 
groups, topical iced saline solution maintained myocar- 
dial temperature below 15°C, as measured by needle 
thermistor probes. All animals were cooled to a systemic 
temperature of 28°C. 

In both groups, after the 45-minute arrest period the 
coronary artery occluder was removed, simulating surgi- 
cal revascularization. Animals were weaned from CPB 
over the next 45 minutes without the use of inotropic 
drugs. Frequent measurements of arterial blood gases 
were made to insure normal values; sodium bicarbonate 
was given to correct metabolic acidosis if present. 

After two hours of reperfusion, the pH probes were 
removed and the region at risk for ischemic injury was 
determined by intracoronary injection of monastryl blue 
dye (B.W. 372-P phthalo-blue B, DuPont De Nemours 
Company, Wilmington, DE). The right ventricle and atria 
were removed and the left ventricle was cut into 1-cm 
slices in a plane parallel to the atrioventricular groove. 
Slices were incubated in a 1% solution of nitro blue 
tetrazolium chloride (Polysciences, Warrington, PA) for 
20 minutes at 37°C to determine if infarction had occurred. 


Cross-sectional areas of the region at risk and infarction: 


were determined by planimetry. 

Values are reported as mean + the standard error of the 
mean. The sizes of the region at risk and the infarction 
were compared by the nonparametric Wilcoxon rank sum 
test. All regional pH values were corrected to 37°C by the 
following formula: pH(corrected) = pH(measured) + 
0.015 (T — 37), where T is myocardial temperature in 
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Fig 1. Myocardial temperature in the nonischemic region (left circum- 
flex territory) during cardioplegic versus fibrillatory arrest. 


degrees centigrade. The pH trends were compared by an 
analysis of variance for repeated measures. Arrest and 
reperfusion phases were examined separately. 

All animals received humane care according to the 
“Guidelines for the care and use of laboratory animals” 
prepared by the National Academy of Science and pub- 
lished by the National Institutes of Health (NIH publica- 
tion No. 85-23, Revised 1985). 


Results 


There were no significant differences between HFA and 
HCA groups in physiological variables, including hema- 
tocrit, arterial blood gases, and mean perfusion pressure 
on CPB. All but two animals (one in each group) had at 
least one episode of ventricular fibrillation during the 
30-minute period of regional ischemia. In all cases, it was 
possible to restore sinus rhythm by defibrillation before 
the myocardial arrest period. No animals were excluded 
from the study. 

Figure 1 depicts the time course of myocardial temper- 
ature for the two groups recorded at 5-minute intervals 
during the study. In the nonischemic area of the left 
ventricle there were no statistically significant differences 
in temperature between HFA and HCA groups during the 
prebypass, arrest, or reperfusion periods. However, there 
was a trend toward warmer myocardial temperatures in 
the HFA group during the arrest procedure. 

In Figure 2 are the average temperatures of the two 
probes placed in the ischemic region. No significant 
temperature differences were seen between the HFA and 
HCA groups during any phase of the study, as deter- 
mined by analysis of variance for repeated measures. 

Displayed in Figure 3 are the pH measurements made 
in the nonischemic area, corrected to 37°C. Although the 
curves appear similar during the period of regional isch- 
emia, there was significantly greater myocardial acidosis 
during the arrest and reperfusion periods in the HCA 
group. At the conclusion of the myocardial arrest period, 
mean pH in the HCA group was 6.92 + 0.04 compared 
with 7.20 + 0.06 in the HFA group. This trend of more 
acidosis in HCA animals persisted in the reperfusion 
period, although by the end of reperfusion, mean pH in 
both groups converged to 7.29 + 0.04. 
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Fig 2. Myocardial temperature in the ischemic region (left anterior 
descending territory) during cardioplegic versus fibrillatory arrest. 


Figure 4 shows the time course of tissue pH in the 
ischemic region. At the conclusion of myocardial arrest, 
myocardial pH in the two groups was similar: 5.87 + 0.10 
for HCA animals and 5.88 + 0.05 for the HFA animals. 
However, during coronary reperfusion there was a trend 
toward more myocardial acidosis in the HFA group, with 
a final pH of 6.92 + 0.09 compared with 7.19 + 0.06 in 
HCA animals. 

The two experimental groups had comparable areas of 
the left ventricle at risk for ischemic injury: 30.5% + 2.1% 
in HCA and 30.9% + 2.4% in HFA animals (Fig 5). Infarct 
sizes measured by vital staining and expressed as percent 
of the region at risk were also similar: 18.1% + 3.2% in the 
HCA and 18.8% + 4.4% in the HFA animals. Myocardial 
necrosis was not seen in any area outside the region at 
risk. 

To evaluate the usefulness of regional intramyocardial 
pH measurements, the minimum pH reached during 
ischemia and a mean pH during reperfusion were corre- 
lated with the eventual infarct size. As shown in Figures 
6 and 7, these correlations were both quite poor (r = 
—0.31 and r = —0.25, respectively). 


Comment 


Surgical revascularization for rapidly progressive unstable 
angina, evolving myocardial infarction, and persistent 
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Fig 3. Myocardial pH in the nonischemic region (left circumflex terri- 
tory) during cardioplegic versus fibrillatory arrest. 
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Fig 4. Myocardial pH in the ischemic region (left anterior descending 
territory) during cardioplegic versus fibrillatory arrest. 


ischemia after infarction has a higher overall mortality rate 
than routine coronary revascularization [11-15]. A grow- 
ing body of experimental and clinical evidence has helped 
to explain the increased risk of perioperative injury. With 
ongoing ischemia before operation, the myocardium has 
less metabolic reserve and, therefore, increased suscepti- 
bility to further injury. Although standard intraoperative 
myocardial protective techniques have been refined to 
minimize gobal ischemic injury, the added insult of aortic 
cross-clamping may allow the evolving infarction to con- 
tinue to enlarge, creating greater irreversible injury. In 
addition, reperfusion of the ischemic myocardium likely 
contributes to further necrosis due to lipid peroxidation of 
cellular membranes by oxygen radicals, the influx of 
calcium into impaired cells, and the immediate functional 
demands placed on the injured myocardium during 
reperfusion. 

Studies carried out in our laboratory using a porcine 
model of reversible regional ischemia have allowed us to 
examine the role of various interventions that might limit 
both infarct extension and postischemic ventricular dys- 
function. In hearts subjected to mid-left anterior descend- 
ing coronary artery occlusion followed by global ischemia 
and reperfusion, the administration of superoxide dismu- 
tase was effective in reducing infarct size [16] and in 
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Fig 5. Region at risk (RR) for infarction and size of infarction after 
regional ischemia: cardioplegic versus fibrillatory arrest. (Left) Region 
at risk expressed as percent of left ventricular (LV) mass, cardioplegic 
versus fibrillatory arrest. (Right) Infarct size expressed as percent of 
region at risk, cardioplegic versus fibrillatery arrest. 
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Fig 6. Relationship of minimum myocardial pH during myocardial 
arrest to eventual infarction size (data from both cardioplegic and 
fibrillatory arrest groups). 


limiting postischemic ventricular dysfunction [17]. Even 
more dramatic improvement was observed in this porcine 
model when a superoxide dismutase-enriched solution 
was administered via the coronary sinus during the global 
ischemic period [18]. 

This porcine model of regional ischemia has also en- 
abled definition of the time course of infarction and the 
reliability of vital staining techniques for measurement of 
infarct size [19]. Although the frequency of ventricular 
tachyarrhythmias makes the pig a challenging experimen- 
tal animal, we prefer the porcine model because the 
end-artery coronary pattern more closely resembles the 
circulation of the human heart than does the more exten- 
sively collateralized canine heart. This experimental mod- 
el of emergency revascularization is analogous to failure 
of percutaneous transluminal coronary angioplasty 
(sudden and total coronary occlusion) in a patient lacking 
well-developed collateral myocardial blood flow. 

The present study was undertaken to examine the 
hypothesis that hypothermic fibrillatory arrest is peferable 
to cardioplegic arrest in hearts with preexisting regional 
ischemia. Theoretically, the operative strategy of HFA 
avoids the additive insult of global ischemia as the aorta is 
not cross-clamped and coronary artery perfusion (except 
in the region at risk) is maintained. If there are zones of 
myocardium within the region at risk that are on the 
threshold of necrosis but are still salvageable, mainte- 
nance of myocardial perfusion during bypass grafting 
might result in ultimate infarct reduction. 

The safety and clinical efficacy of HFA has been well 
documented in clinical reports by Akins and associates 
(5-8, 20-22]. In a recent review of 1,000 consecutive 
patients undergoing nonemergency coronary artery by- 
pass grafting with HFA between 1979 and 1984, Akins 
and Casoll [22] reported a hospital mortality of only 0.4% 
and a perioperative myocardial infarction rate of 1.8%. 
Survival at 5 years in this patient group was 91.6% and 
actuarial event-free rates at 5 years were 97.7% for myo- 
cardial infarction, 99.4% for percutaneous transluminal 
coronary angioplasty, 99.5% for reoperative revasculariza- 
tion, and 88.6% for all combined morbidity and mortality. 
Even more remarkable were results reported in high-risk 


GREENE ET AL 41 
HYPOTHERMIC FIBRILLATORY ARREST 


emergency patients managed with HFA [8]. In 127 con- 
secutive patients who required emergency myocardial 
revascularization, there was only one hospital death 
(0.8%) and a single perioperative myocardial infarction 
(0.8%). Actuarial survival at 45 months was 90.8%, and 
the mean New York Heart Association classification for 
the 117 long-term survivors was 1.12. 

The definition of an “emergency operation” in this 
study was broad. Included as emergencies were patients 
whose operations were performed outside normal oper- 
ating room hours and patients whose deteriorating clini- 
cal condition required cancellation of an elective proce- 
dure. Nonetheless, this report and other successes with 
patients having left ventricular aneurysms [21] demon- 
strate that HFA can be used safely in a broad range of 
clinical circumstances. As Akins and Casoll [22] note, the 
efficacy of HFA challenges the view that refinements in 
myocardial preservation with HCA have been the reason 
for improved results with coronary bypass grafting. 

In addition to avoiding the global ischemia that accom- 
panies cardioplegic techniques, HFA can be expected to 
have other possible benefits in special circumstances. 
Avoidance of aortic cross-clamping is especially critical in 
patients with severe calcification of the ascending aorta. 
This problem has become increasingly frequent as older 
patients become surgical candidates. Also, in patients at 
risk of postoperative right ventricular dysfunction, HFA 
would seem ideal because coronary perfusion can be 
maintained during revascularization. 

However, there are theoretical problems with the clin- 
ical use of HFA. As described by Akins, in contrast to the 
usual technique of HCA, with HFA proximal aortosaphe- 
nous anastomoses must be performed before CPB, requir- 
ing the placement of a partial occlusion clamp on the 
aorta. Potentially, this may increase afterload and oxygen 
demand on a heart already stressed by inadequate coro- 
nary blood flow [23]. These partial aortic occlusions also 
introduce risk of embolization of arteriosclerotic debris to 
the coronary and cerebral circulations. Also, with HFA 
the surgeon loses the bloodless, quiet surgical field 
achieved with cardioplegic arrest. 

Few experimental data have been available to compare 
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Fig 7. Relationship of mean pH during coronary reperfusion to even- 
tual infarction size (data from both cardioplegic and fibrillatory arrest 
groups). 
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HFA and HCA [23]. This study was undertaken because 
we believed that if HFA provided better salvage of myo- 
cardial tissue with evolving ischemia, disadvantages of 
the technique could be tolerated. In a porcine model of 
regional ischemia and simulated emergency revascular- 
ization, HFA was no better than HCA at preventing 
necrosis in jeopardized myocardial tissue. Furthermore, 
although there was evidence that HFA prevented in- 
tramyocardial acidosis, as assessed by continuous pH 
monitoring, this benefit was observed only in nonisch- 
emic regions of the heart and not in areas of preexisting 
ischemia which. were at risk of infarct extension. Interest- 
ingly, there was no marked difference between groups in 
the temperatures recorded in the nonischemic region, 
despite the HFA group having no cross-clamp. This likely 
reflects the remarkable efficiency of topical cooling, espe- 
cially in the thin-walled porcine myocardium. 

These data confirm clinical reports that HFA is a safe 
method of myocardial protection: postoperative infarcts 
were no larger in animals subjected to HFA. However, 
HFA was not superior to hypothermic cardioplegic tech- 
niques in this model of acute regional ischemia in which 
there is little or no collateral coronary blood flow. The 
most useful role for HFA may be in situations in which the 
aorta cannot be safely cross-clamped because of severe 
aortic calcification and the attendant high risk of embolic 


injury. 
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After Norwood’s initial report of successful first-stage 
palliation of hypoplastic left heart syndrome in neo- 
nates, the occurrence of distal aortic obstructions, shunt 
problems, and late deaths have led to modifications in 
the surgical technique. Between January 1986 and De- 
cember 1987, 12 neonates from three to 16 days old 
underwent stage I palliation with the same objectives. 
An open atrial septectomy was always performed. The 
pulmonary artery bifurcation was transected from the 
main pulmonary artery and closed with an aortic ho- 
mograft patch. The aortotomy was begun 2 cm below the 
patent ductus arteriosus insertion and extended across 
the transverse arch and down the ascending aorta. The 
neoaorta was constructed using the hypoplastic ascend- 
ing aorta-transverse aortic arch, the main pulmonary 
artery, and an aortic homograft augmentation patch. The 
homograft is hemostatic and pliable, and molds well in 
forming the neoaorta. A 4-mm shunt was inserted be- 
tween the right innominate artery and the right pulmo- 


ypoplastic left heart syndrome (HLHS) is one of the 
last frontiezs in congenital heart disease. Though its 
incidence is only 1% of all congenital cardiac anomalies, 
HLHS accounts for nearly 25% of all cardiac-related 
deaths during the first week of life [1]. In the most 
complex form, the central anatomical feature is aortic 
valve atresia, associated with severe hypoplasia of the 
ascending aorta, atresia or severe hypoplasia of the mitral 
valve, and a diminutive or absent left ventricle {2]. Lev 
and associates [3] postulated that abnormal formation of 
the foramen ovale leads to faulty transfer of blood from 
the inferior vena cava to the left atrium in fetal life and 
underdevelopment of the left heart. Systemic blood flow 
is maintained by the right ventricle through the ductus 
arteriosus, determined by the relative resistances of the 
pulmonary and systemic vascular beds. 

The hemodynamics in the developing fetus with HLHS 
are perfectly adequate to allow otherwise normal growth 
and development of the fetus. Cardiac anomalies not part 
of the aortic atresia complex are rare. Early neonatal death 
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nary artery in 5 patients and the neoaorta and the 
pulmonary artery bifurcation patch in 7 patients. The 
early systemic oxygen saturation was optimized at 75% to 
80% with hyperventilation, high concentration of in- 
spired oxygen, sodium bicarbonate, and the frequent use 
of vasopressors to maintain an arterial blood pressure of 
65 to 75 mm Hg. Two patients (17%) died early after 
operation; 1 had severe right ventricular dysfunction and 
both had severe tricuspid regurgitation. There were 2 late 
deaths at 7 and 13 months, of sepsis and hypoxia. The 8 
survivors (67%) continue to do well over follow-up. The 
preoperative tricuspid regurgitation has remained stable 
in 3 survivors and disappeared in 2 survivors. Critical 
attention to construction of the neoaorta and careful 
ventilatory and pharmacological management of the ratio 
of pulmonary to systemic vascular resistance has led to 
improved survival after stage I palliation. 


(Ann Thorac Surg 1989;48:43-50) 


usually results from inadequate coronary and systemic 
perfusion secondary to ductal closure and increasing 
pulmonary blood flow as the pulmonary vascular resis- 
tance decreases in the early postnatal period. Less com- 
monly, death results from hypoxemia and pulmonary 
venous congestion secondary to a very restrictive inter- 
atrial communication. Over 95% of infants with HLHS die 
within the first month of life, most within the first week 
[4]. Medical therapy is largely supportive and. does not 
appreciably alter the uniformly fatal outcome. 
Physiological correction of HLHS is possible only by 
separation of the pulmonary and systemic circulations 
using the right ventricle as the systemic pumping ventri- 
cle. Circulation of blood through the pulmonary vascula- 
ture without a pulmonary ventricle can only be achieved 
if the pulmonary vascular resistance is low, as it is in the 
normal mature lung [5]. However, in the newborn period, 
pulmonary vascular resistance is elevated and may not 
decrease to adult levels until the infant is 6 to 8 weeks of 
age. Furthermore, a postmortem quantitative pulmonary 
morphometric analysis has demonstrated pulmonary vas- 
cular changes that are likely to result in elevated neonatal 
pulmonary vascular resistance [6]. Thus, physiological 
correction is precluded in the neonatal period, precisely 
when most patients with HLHS become symptomatic and 
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die. A number of palliative procedures have been re- 
ported to prepare these children for a modified Fontan 
procedure [7-12]. 

In 1983 Lang and Norwood [13] reported on a palliative 
operation for HLHS with follow-up cardiac catheteriza- 
tion to ascertain the patient's suitability for a Fontan 
procedure. The objectives of stage I palliation derived 
from that experience included (1) establishment of an 
unobstructive communication between the right ventricle 
and the descending aorta to allow for adequate systemic 
perfusion and to preserve ventricular function, (2) cre- 
ation of a large interatrial communication, (3) limitation of 
pulmonary blood flow to allow for the normal postnatal 
development of the pulmonary vasculature, and (4) 
avoidance of distortion of the branch pulmonary arteries 
to facilitate later physiological correction. Subsequently 
Norwood and associates [14] reported on the first success- 
ful application of Fontan’s procedure after stage I pallia- 
tion, thus establishing the feasibility of the two-stage 
reconstructive approach to HLHS. Since that time, con- 
tinued modifications in the surgical technique and peri- 
operative care have occurred to minimize early mortality, 
reduce late complications, and optimize the patient's 
anatomy and physiology for a subsequent Fontan proce- 
dure [15, 16]. This report reviews our recent experience 
with stage I palliation, emphasizing several technical 
modifications and the importance of perioperative care. 


Material and Methods 


From January 1986 through December 1987, 12 consecu- 
tive nonselected infants (11 male, 1 female) ranging in age 
from three to 16 days (median age, 5 days) and weighing 
2.5 to 3.7 kg underwent a stage I palliative reconstructive 
operation for HLHS. By two days of age (range, one to 
three days) most newborns were sufficiently symptomatic 
to attract medical attention. The most striking physical 
finding was poor peripheral perfusion with delayed cap- 
illary refill, although a heart murmur was heard in all 
patients and central cyanosis was usually present. 

The preoperative electrocardiograms reflected sinus 
rhythm with underdevelopment of the left side of the 
heart and prominence of right-sided forces. The chest 
roentgenograms demonstrated moderate cardiomegaly in 
10 patients and severe enlargement in 2 patients who had 
severe tricuspid regurgitation. Pulmonary vascular mark- 
ings were always increased. 

Two-dimensional echocardiography with Doppler in- 
vestigation was routinely used to confirm the diagnosis of 
HLHS and define the anatomical details. Hypoplasia of 
the ascending aorta was characteristically marked in all 
patients (1 to 4 mm in diameter). The ascending aorta 
tapered down tc the aortic annulus and coronary arteries 
in the 6 (50%) patients with aortic atresia and in the 6 
patients (50%) in whom the aortic valve was small but 
perforate. The mitral valve was atretic in 3 patients and 
quite hypoplastic in 9 patients. Severe mitral hypoplasia 
was present in 4 of 6 (66%) patients with aortic atresia and 
intact ventricular septum. The ascending aorta tended to 
be smaller in the 2 patients with mitral atresia and aortic 
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Table 1. Preoperative Echocardiography 





Right Ventricular Function 








Tricuspid 

Regurgitation Good Borderline Poor Total 

None 3 2 0 5 

Moderate 1 2 2 5 

Severe _0 1 1 2 
Total 4 5 3 12 





atresia. The transverse aortic arch was usually slightly 
larger than the ascending aorta. 

The size of the left ventricle was dependent on the 
status of the ventricular septum and the state of the mitral 
valve. In 2 patients with intact ventricular septum and 
mitral atresia, the left ventricle was a slit-like chamber. 
When the ventricular septum was intact and the mitral 
valve was perforate, the left ventricle was markedly 
hypoplastic (9 patients). Endocardial fibroelastosis in the 
left ventricle was seen in 2 patients. In 1 patient with 
mitral atresia, severe aortic stenosis, and a ventricular 
septal defect the left ventricle was only moderately hy- 
poplastic. 

The pulmonary valve annulus, main pulmonary artery, 
and branch pulmonary arteries were invariably enlarged. 
All patients had a three-leaflet pulmonary valve. A left- 
sided patent ductus arteriosus supplied the descending 
aorta. A preductal coarctation ridge above the insertion of 
the patent ductus arteriosus was clearly seen in 8 patients. 
The long axial oblique sweep detected leftward deviation 
of the superior attachment of the septum primum in 8 
patients. The atrial communication appeared to be ade- 
quate in 11 patients. One patient clearly had a very 
restrictive atrial defect. 

The right ventricle was invariably enlarged and dilated. 
The tricuspid valve appeared to be morphologically nor- 
mal in 11 patients and “mitralized” in 1 patient. Pulsed 
Doppler examination revealed a competent tricuspid 
valve in 5 patients, mild to moderate tricuspid regurgita- 
tion (TR) in 5 patients, and severe TR in 2 patients (Table 
1). The right ventricular function was judged to be good in 
4 patients, borderline in 5 patients, and clearly diminished 
in 3 patients. The 2 patients with severe TR had borderline 
or poor right ventricular function. Preoperative cardiac 
catheterization was not performed in any patient because 
of the accuracy of cardiac ultrasound and our belief that it 
may even be counterproductive because of the added 
stress on an already severely compromised newborn. 


Preoperative Management 

Perinatal survival of neonates with HLHS is dependent on 
maintenance of the systemic circulation through a patent 
ductus arteriosus. When the ductus starts to close, there is 
a progressive deterioration in systemic perfusion, leading 
to tissue hypoxemia and severe metabolic acidosis. Some 
degree of metabolic acidosis was seen in all neonates, but 
it was severe in 4 patients. Sufficient sodium bicarbonate 
was given to fully correct the metabolic acidosis. Al- 
though the mean arterial pressure was often normal, 
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maintained by intense peripheral vasoconstriction, the 
perfusion of the kidneys, liver, and gut was often subop- 
timal. Oliguria with a rising serum creatinine level was 
present in 5 patients. Elevated liver function tests (2 
patients), seizures (2 patients), and disseminated intra- 
vascular coagulopathy (1 patient) were seen in neonates 
in severe distress. 

Constant infusion of prostaglandin E, through a pe- 
ripheral or central venous line in an initial of dose of 0.05 
to 0.1 pg/kg/min inhibited physiological closure of the 
patent ductus arteriosus in all neonates. After prostaglan- 
din infusion, there was usually a dramatic increase in the 
arterial pH over hours and a dramatic decrease in the 
serum creatinine level over several days. Adequate fluids 
were always administered to maintain good urinary out- 
put. Diuretics were often given to stimulate urine produc- 
tion. Over several days, hepatic and gut function returned 
to normal. Arterial blood gases followed quite predictably 
the clinical status of the infant at the time. Because of 
apnea, a common side effect of prostaglandin infusion, all 
neonates were electively intubated and maintained on 
mechanical ventilation. 

Because blood ejected from the right ventricle can pass 
through either the pulmonary circuit or the systemic 
circuit, careful management of the balance of pulmonary 
to systemic vascular resistance is an important part of the 
preoperative rescusitation. High concentrations of in- 
spired oxygen (FiO,) and hyperventilation (arterial carbon 
dioxide tension [PaCO,], 25 to 30 mm Hg) selectively 
decrease pulmonary vascular resistance while increasing 
systemic vascular resistance. The arterial oxygen tension 
[PaQ,] will be better, but at the expense of poor peripheral 
perfusion and metabolic acidosis. All infants were main- 
tained on low FiO, (21% to 35%) to optimize the periph- 
eral arterial oxygen saturation at 80% to 85%. The volume 
ventilator was adjusted to maintain a PaCO, between 38 
and 45 mm Hg, or higher if pulmonary blood flow seemed 
much increased. One neonate with excessively low neo- 
natal pulmonary vascular resistance did not respond well 
to ventilator or oxygen manipulations. 

A continuous infusion of dopamine (1 to 4 g/kg/min) 
was used in all neonates to improve myocardial function 
and enhance urinary output. An infusion of dobutamine 
(1 to 5 wg/kg/min) was added in 2 patients with poor right 
ventricular function. Caution should be taken in admin- 
istering these inctropic drugs in excess of 5 to 7 ug/kg/min 
as increasing the systemic vascular resistance is usually 
counterproductive because it can increase pulmonary 
blood flow. Serial echocardiograms before operation re- 
vealed improved right ventricular function in 6 of the 8 
patients with borderline or poor function, usually within 
48 hours. 

The condition of most infants (10 infants) was ade- 
quately optimized with this treatment protocol. A restric- 
tive patent foramen ovale is usually not a problem; in fact, 
a small patent foramen ovale may be protective because 
pulmonary vascular resistance remains elevated so sys- 
temic blood flow remains high. However, 1 patient who 
developed serious pulmonary venous congestion (PaO,, 
23 to 27 mm Hg) from a very small patent foramen ovale 
did not respond well to aggressive therapy. Despite 
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persistent poor right ventricular function, the hemody- 
namics in these 2 patients did stabilize. A tight coarctation 
or a very hypoplastic ascending aorta did not prevent 
preoperative resuscitation. All neonates then underwent 
elective operation between three and six days of age, 
except for 1 patient with persistent left lung collapse. 
After several therapeutic bronchoscopies, the child’s left 
lung fully reexpanded and he underwent operation at 16 
days of age. 


Surgical Technique 

Induction of general anesthesia was achieved with pan- 
curonium bromide (0.1 mg/kg) and fentanyl citrate (25 
pg/kg). The thymus gland was excised through a median 
sternotomy, exposing the hypoplastic ascending aorta 
and transverse aortic arch. Surface cooling was begun 
with a cooling blanket and ice bags packed around the 
head. The diminutive ascending aorta was dissected free 
from the dilated main pulmonary artery (MPA). The 
arterial cannula was inserted in the most proximal MPA. 
A single venous cannula was placed in the right atrial 
appendage. The right and left pulmonary arteries were 
occluded to ensure systemic perfusion through the ductus 
arteriosus. Cardiopulmonary bypass was instituted and 
core cooling begun. Deep hypothermic circulatory arrest 
greatly facilitated aortic arch reconstruction. During cool- 
ing the aortic arch branches were dissected and looped 
with suture tourniquets. The transverse aortic arch down 
to the descending aorta and the patent ductus arteriosus 
were also dissected out. The patient was cooled to a rectal 
temperature of 18°C and a tympanic temperature of 15°C. 
Cardiopulmonary bypass was discontinued and the tour- 
niquets on the head vessels were tightened. Cardioplegia 
was not given. The arterial and venous cannulas were 
removed. The atrial septum, which was often thick with a 
small patent foramen ovale, was completely excised 
through the right atrial appendage pursestring suture. 

In an autopsy series, 55% of the patients had posterior 
leftward displacement of the superior attachment of the 
septum primum [17]. Appreciation of this unusual attach- 
ment was important to ensure wide excision of the sep- 
tum primum to avoid late pulmonary venous obstruction. 
A left superior vena cava with a dilated coronary sinus (2 
patients) further displaced the fossa ovalis superiorly. The 
ductus arteriosus was ligated at the pulmonary artery 
bifurcation and completely excised distally down to its 
entrance into the thoracic aorta. All ductal tissue was 
removed from the thoracic aorta to prevent late coarcta- 
tion. The MPA was transected adjacent to the origin of the 
right pulmonary artery (Fig 1). The distal stump was 
closed with an aortic homograft patch to which a 4-mm 
polytetrafluoroethylene shunt had been anastomosed be- 
fore circulatory arrest. Patch closure of the pulmonary 
artery bifurcation was performed to avoid loss of continu- 
ity between the right and left pulmonary artery branches, 
which has been occasionally observed when the distal 
stump was closed primarily with suture [18]. 

Although Bharati and Lev’s [19] recent pathological 
study suggested a low incidence of serious coarctation 
with HLHS, most reviews report an incidence of about 
70% to 80%, particularly when one includes the shelf of 
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Preductal 
Coarctation 


Patent Ductus 


Hypoplastic 
Ascending Aorta 






Main 
Pulmonary Artery 


Fig 1. The externai anatomy of hypoplastic left heart syndrome. The 
dotted lines show the level for transection of the main pulmonary 
artery adjacent to the right pulmonary artery and the extensive aortot- 
omy for aortic arch reconstruction. 


ductlike tissue found opposite the ductus arteriosus. Even 
if this tissue has no preoperative hemodynamic effect, it 
has the potential to cause late hemodynamic effects if not 
adequately dezlt with at the time of stage I palliation. An 
incision in the aorta was carried distally about 2 cm 
beyond the junction of the ductus and descending aorta. 
The aortotomy was then extended proximally across the 
transverse aortic arch and down the ascending aorta to 
the level of the transected MPA (Fig 2). A cuff of aortic 
homograft was used for aortic arch augmentation because 
it is more hemostatic and pliable than synthetic alterna- 
tives (Fig 3). The proximal MPA was anastomosed to the 
proximal extent of the ascending aortotomy. Minimal 
distortion of this anastomosis can result in poor coronary 
perfusion. The aortic homograft patch was interposed 
between the hypoplastic ascending aorta—transverse aor- 
tic arch incisior: and the proximal descending aorta, and 





Extended Aortotomy 
Ductus Excision 


Homograft Closure 
of PA Confluence 
MPA Transection 


Atrial 
Septectomy 


Fig 2. The distal pulmonary artery (PA) confluence is closed with an 
aortic homograft patch to which a 4-mm shunt has teen anastomosed. 
The patent ductus arteriosus is ligated and excised down to the de- 
scending aorta. The aortotomy is begun 1 to 2 cm below the ductus 
arteriosus insertion and continued to the level of the proximal main 
pulmonary artery (MPA). 


Ann Thorac Surg 
1989;48:43-50 








Aortic Homograft Patch 


Apex of homograft 


Aortic Homograft sewn to descending 


MPA sewn to . 
proximal aortotomy } 


e D 
o i TA 
oe ae EA 


Fig 3. An aortic homograft augmentation patch (insert) is anasto- 
mosed to the descending aorta, hypoplastic transverse aortic arch, and 
hypoplastic ascending aorta. The main pulmonary artery (MPA) is 
sewn to the proximal extent of the nortotomy. 


then finally anastomosed to the proximal MPA segment 
(Fig 4). Before the completion of the anterior half of the 
MPA anastomosis, the 4-mm shunt was anastomosed to 
the aortic homograft gusset about 5 mm beyond the 
posterior suture line. The central shunt was kept as short 
as possible. Cardiopulmonary bypass was reinstituted 
and the patient was rewarmed. The tourniquets on the 
aortic arch vessels were removed, but those on the branch 
pulmonary arteries remained until the patient was 
weaned from bypass. A central 4-mm shunt as described 
was constructed in the last 7 patients.~In the first 5 
patients, a 4-mm shunt was interposed between the right 


g “Completed Neoaorta f 
Constructlon 






4-mm Modified 


Blalock-Taussig Shun Cantral 4-mm Shunt 


to Neoaorta 


5 MPA sewn to 
homograft 
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Fig 4. The aortic augmentation patch is sewn to the proximal main 
pulmonary artery (MPA). A central 4-nun polytetrafluoroethylene 
shunt is interposed between the pulmonary artery confluence patch 
and the neoaorta. Alternatively, a 4-mm shunt can be interposed be- 
tween the right innominate artery and the right pulmonary arter 
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innominate artery end the right pulmonary artery after 
cardiopulmonary bypass was reinstituted. 


Postoperative Management 


The key to success in the early postoperative management 
is obtaining a critical balance between systemic and pul- 
monary vascular resistance. Shunt flow (that is, pulmo- 
nary blood flow) rises when the systemic vascular resis- 
tance increases or the pulmonary vascular resistance 
decreases. Shunt flow declines when the systemic vascu- 
lar resistance decreases or the pulmonary vascular resis- 
tance increases. Generally pulmonary blood flow is low 
initially. Using the lowest possible mean airway pressure, 
hyperventilation (PaCO,, 20 to 30 mm Hg), and a high 
FiQ3, the pulmonary vascular resistance usually falls and 
the PaO, rises to about 40 to 45 mm Hg. The majority of 
infants with aortic atresia have a restrictive interatrial 
communication, resulting in high pulmonary vascular 
tone which takes time to decrease after the atrial septec- 
tomy. 

Inotropic support was utilized coming off bypass in all 
patients to maintain a systolic arterial pressure of 65 to 75 
mm Hg and a peripheral arterial saturation of 75% to 80%. 
Continuous infusions of epinephrine (0.05 to 0.15 yg/ 
kg/min) and norepinephrine (0.05 g/kg/min) were ini- 
tially used in 9 patients, whereas only epinephrine was 
used in 3 patients. Over time the norepinephrine (one 
hour to three days’ and epinephrine (one hour to six days) 
infusions were weaned, as the hemodynamics stabilized. 
A continuous infusion of dopamine (1 to 4 ug/kg/min) was 
added in 5 patients to improve myocardial function and 
urinary output. As the pulmonary vascular resistance fell 
and the myocardial function improved, the peripheral 
arterial oxygen saturations stabilized at 82% to 86% on 
21% FiO}. 

In the presence of an adequate systemic perfusion 


pressure (65 to 70 mm Hg systolic), a persistently low - 


PaO, (less than 25 mm Hg) usually implies an inadequate 
shunt and will quickly result in myocardial failure, sys- 
temic hypotension, and worsening hypoxia if not cor- 
rected. This problem was not seen in this small series. A 
PaO, greater thar. 50 mm Hg, persistent metabolic acido- 
sis, and systemic hypotension usually suggest large pul- 
monary blood flow and inadequate systemic perfusion. 
Children with this condition are prone to very sudden 
cardiac arrest. Subsequent resuscitation is almost impos- 
sible. One should attempt to maximize pulmonary vascu- 
lar resistance and minimize systemic vascular resistance. 
The neonate should be ventilated with an FiO, of 21% and 
the PaCO, should be maintained between 45 and 50 mm 
Hg. Metabolic acidosis should be aggressively treated. 
Despite hypotension, the use of high doses of vasopres- 
sors can increase systemic vascular resistance and in- 
crease shunt perfusion pressure. Persistently high shunt 
flow, despite these manipulations, should suggest the 
possibility of a residual aortic obstruction or an exces- 
sively large shunt. 

The surviving neonates were slowly weaned from the 
ventilator (two to 28 days). Central hyperalimentation 
was usually started on the third postoperative day. Na- 
sogastric feedings were begun as soon as the ileus re- 
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solved. Administration of digoxin and diuretic agents was 
routinely begun on the second postoperative day to 
manage mild congestive heart failure. 


Results 


Two patients died shortly after operation. One patient 
with excessively low pulmonary vascular resistance be- 
fore operation, poor right ventricular function, and severe 
tricuspid insufficiency arrested within one hour. Ongoing 
low cardiac output and persistent metabolic acidosis in 
another patient with borderline right ventricular function 
and severe TR did not respond to aggressive therapy and 
led to death within eight hours. Ten neonates survived 
operation with aggressive postoperative management. Six 
of 8 patients with preoperative borderline or poor right 
ventricular (RV) function survived, whereas all 4 patients 
with good RV function survived. Both patients with 
severe TR died. 

Systemic sepsis developed in 3 patients and responded 
well to a brief course of antibiotics and removal of intra- 
cardiac catheters. One patient had three cardiac arrests 
associated with alterations in ventilation with sudden 
increases in PaCO, and acidosis. Each time his sternot- 
omy incision was opened and closed later (24 hours), and 
yet he ultimately survived. Feeding problems were com- 
mon (6 patients), often delaying discharge several weeks 
until the child could take his or her entire diet by mouth. 
At discharge, chest roentgenograms showed mild to mod- 
erate cardiomegaly and fairly normal] pulmonary vascular 
markings. Serial electrocardiograms demonstrated sinus 
rhythm in all children. Follow-up echocardiograms re- 
vealed patent aortopulmonary shunts, no neoaortic valve 
insufficiency, and no early residual aortic obstructions. 
The 4 patients with good preoperative RV function con- 
tinued with excellent function (Fig 5). Of the 4 surviving 
patients with borderline function, 2 patients had good 
function late and 2 continued with borderline function. 
The 2 surviving patients with poor RV function before 
operation had either good (1) or borderline (1) function at 
late follow-up. The 5 patients without TR before operation 
continued without TR (Fig 6). Moderate TR improved 
after operation in 2 patients and remained the same in 3 
patients. 

All patients have been followed closely by a pediatric 
cardiologist. Administration of digoxin and diuretic 


Preoperative Postoperative 
RV Function RV Function 
Good Good 7 
Borderline 2, Borderline 3 
Poor Poor 0 





Deaths 2 


Fig 5. Comparison of right ventricular (RV) function before and after 
stage I palliation. 
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Fig 6. Comparison of the degree of tricuspid regurgitation (TR) before 

and after stage I palliation. 


agents has been continued in all children. All patients 
remain in sinus rhythm. Late chest roentgenograms re- 
vealed some increase in heart size in 2 patients. The late 
peripheral arterial oxygen saturations range from 72% to 
78%. Serial clinical examinations, confirmed by echocar- 
diography, have not revealed any late aortic obstructions. 
The hemoglobin concentration rose over follow-up to 17 
to 19 g/100 mL. Two late deaths have occurred. One 
patient died 7 months after operation from a resistant 
staphylococcal pneumonia and 1 died 13 months later 
from suspected hypoxemia. One patient had a second 
aortopulmonary shunt at 15 months of age for progressive 
polycythemia. The 8 surviving patients await stage I 
physiological correction. 


Comment 


Over time, the operative mortality of stage I palliation has 
decreased with increased surgical experience and partic- 
ular attention to the rapidly changing pulmonary vascular 
bed. Table 2 summarizes several recent series, detailing 
early and late deaths after stage I palliation. The early 
mortality (17%) in this small series compares quite favor- 
ably with that of other large series. The majority of early 
deaths in these series were related to technical difficulties 
in the perioperative period [7]. Severe TR (2 patients), a 
very restrictive atrial defect (1 patient}, and very low 
pulmonary vascular resistance (1 patient) contributed to 
the 2 early deaths in this series. 
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The shocklike state that occurs before the institution of 
prostaglandins may produce serious physiological and 
pathological changes that may limit the outcome after 
surgical palliation. Coronary perfusion may be compro- 
mised by a closing ductus arteriosus. High pulmonary 
vascular resistance after birth together with a closing 
ductus arteriosus imposes a postnatal load on the right 
ventricle, increasing myocardial oxygen “demand.” Thus, 
hemodynamic changes during transition to extrauterine 
life affect myocardial oxygen “supply and demand,” and 
may well contribute to early myocardial dysfunction. 

Lloyd and colleagues [22] studied the right ventricle in 
51 cases of untreated HLHS. The most striking finding 
was extensive subendocardial necrosis and occasional 
areas of transmural infarction. The lack of notable fibrosis 
or endocardial fibroelastosis argued against long-standing 
antenatal insult to the myocardium. The degree of RV 
preservation was independent of the size of the ascending 
aorta. The histological features of myocardial necrosis 
were consistent with postnatal occurrence of infarction, 
suggesting that early vigorous supportive care in infants 
with HLHS may preserve myocardial function. Occasion- 
ally, however, extensive necrosis of the right ventricle 
was present in infants who died on the first day of life, 
indicating that a few infants may have irreversible RV 
dysfunction before surgical palliation is attempted. 

When first seen, infants with HLHS frequently have 
regional wall motion abnormalities and depressed RV 
ejection fraction noted on two-dimensional echocardiog- 
raphy (23, 24]. Bash and associates [25] observed by serial 
echocardiography that RV function frequently normalized 
over several days after administration of prostaglandins 
was started. In this series, 10 of the 12 patients had some 
improvement in their preoperative RV function before 
operation with the aggressive preoperative protocol out- 
lined. Additionally, 4 of 8 patients (50%) with borderline 
or poor RV function before operation had much improved 


. function after palliation, implying that some of the early 


RV dysfunction was reversible. Certainly poor RV func- 
tion is not a contraindication to stage I palliation, although 
the outcome may not be as satisfactory. 

The tricuspid valve is usually structurally normal, al- 
though TR is often detected by echocardiography. Pre- 


Table 2. Overview of Results of Stage I Palliation of Hypoplastic Left Heart Syndrome 


Total 
Author Year Number 
Norwood et al [7] 1981 16 
Moodie et al [20] 1986 10 
Jonas et al [16] 1986 25 
HLHS Symposium [21] 1986 249 
Centers <16 patients 111 
Centers >35 patients 138 
Pigott et al [15] 1988 104 
Gustafson et al [present 1989 12 


report] 


HLHS = hypoplastic left heart syndrome. 


Early Late 
Deaths Deaths Survivors 
8 3 5 (31%) 
6 1 3 (30%) 
6 (24%) 4 15 (68%) 
174 (70%) ` 
101 (91%) 
73 (53%) Dans Bis 
30 (29%) 11 63 (60%) 
2 (17%) 2 8 (66%) 
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operatively, 7 patients (58%) in this series had clinically 
significant TR, which disappeared in 2 patients. In 25% of 
the survivors in the study by Pigott and co-workers [15], 
the TR also improved after palliation. The tricuspid insuf- 
ficiency must at least in part be related to preoperative 
ventricular dysfunction. In this small series, patients with 
mild to moderate TR did as well as those without TR. Both 
our patients with severe TR died, though they also had 
diminished RV function. 

Early palliative procedures using conduits from the 
right ventricle or pulmonary artery to the descending 
aorta did not take into account the frequent preductal 
coarctation flange, which might limit retrograde coronary 
blood flow. Direct anastomosis of the MPA to. the trans- 
verse arch is not possible if one is to deal adequately with 
the coarctation and prevent distortion from excessive 
tension. A conduit with a long distal bevel can be inter- 
posed between the MPA and the undersurface of the 
transverse arch, kut with the obvious disadvantages of 
leaving a “single” coronary artery system and requiring 
conduit replacement with growth [16]. The right ventricle 
will not tolerate residual outflow tract obstruction peri- 
operatively. Failure to deal with the coarctation will be 
reflected in systemic hypotension, high PaO, (greater 
than 50 mm Hg), and persistent metabolic acidosis, anal- 
ogous to ductal closure preoperatively. 

Routine extension of the aortic augmentation distal to 
the ductus insertion was done to minimize the potential 
for obstruction at the site of the posterior juxtaductal 
ridge. The aortic homograft patch is more pliable and 
hemostatic than synthetic alternatives and “molds” into 
place much easier. Postoperative hemorrhage from the 
long suture lines was not a problem. The internal diame- 
ter of the hypoplastic ascending aorta in this series did not 
correlate with early outcome, suggesting that even a very 
small ascending aorta can be anastomosed to the proximal 
MPA and the augmentation patch without coronary in- 
sufficiency. Neozorta reconstruction with an aortic ho- 
mograft patch could conceivably distort the native aortic 
root, although this has not been observed in postopera- 
tive autopsy studies [17]. Late follow-up angiograms have 
demonstrated excellent growth of the aortic root and the 
coronary arteries when a homograft gusset was used [16]. 
However, despite routine homograft augmentation, Pig- 
ott and colleagues [15] found 11 (20%) late aortic arch 
obstructions in survivors of stage I palliation, which were 
all treated surgically. To date, no aortic obstructions have 
been identified over follow-up in this series. 

Because blood ejected from the single right ventricle can 
pass into either the pulmonary or systemic circulation, the 
size of the aortopulmonary shunt is critical, particularly in 
the early postoperative period when the pulmonary vas- 
cular resistance is extremely dynamic. In the first 5 pa- 
tients, a 44mm polytetrafluoroethylene graft was inter- 
posed between the right innominate artery and the right 
pulmonary artery. After relative hypoplasia of the left 
pulmonary artery was recognized in some series after this 
type of shunt [15], we switched to interposing a 4-mm 
graft from the neoaorta to the pulmonary artery conflu- 
ence to promote more symmetrical growth of the right 
and left pulmonary arteries. A 3-mm modified right 
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Blalock-Taussig shunt usually affords too little pulmonary 
blood flow, whereas a 5-mm shunt often results in mas- 
sive pulmonary flow. 

The pulmonary artery bifurcation was closed with an 
aortic homograft patch to minimize late proximal stenosis 
of the branch pulmonary arteries. Despite the routine use 
of such a patch, Weinberg and colleagues [17] found 
severe distortion of the midportion of the pulmonary 
artery confluence in some late deaths after stage I pallia- 
tion. It is possible that there is residual ductal tissue that 
gradually constricts, resulting in such deformities. We 
hope that, by inserting the central shunt into the ho- 
mograft patch used to close the pulmonary artery conflu- 
ence, the incidence of branch stenosis can be farther 
reduced. 

For a child to be a suitable candidate for a stage II 
Fontan procedure, RV function must be preserved, the 
atrial septal defect must be nonrestrictive, the pulmonary 
vascular resistance must be low, the neoaorta must be 
unobstructed, and the pulmonary artery bifurcation must 
be minimally distorted. Lang and Norwood [13] studied 
10 patients after stage I palliation and found that if the 
aortic reconstruction was unobstructed and pulmonary 
blood flow was balanced and limited, RV function was 
usually preserved. The good RV function in 8 of our 
survivors is encouraging. These children, although cya- 
notic, are an appropriate height and weight for their age, 
and the majority are developmentally normal. 

Still, late deaths before stage II palliation continue to be 
a problem in all reported series [15, 16]. The 2 late deaths 
in our series are disturbing. The long-term fate of the right 
ventricle as the systemic ventricle will be known only as 
more patients survive stage II. The efficacy of this multi- 
staged approach to HLHS must therefore await long-term 
follow-up of a substantial group of patients. 

In summary, HLHS is a prevalent cardiac malformation 
that is uniformly fatal without surgical intervention. Any 
systemic approach aimed at improving long-term survival 
of these neonates demands an early diagnosis by two- 
dimensional echocardiography, immediate institution of 
prostaglandins, and careful attention to preoperative care. 
The ability to optimize the hemodynamic and metabolic 
condition of most infants has made surgical palliation a 
realistic option for this otherwise lethal lesion. The ex- 
panded application of the Fontan procedure to many 
previously uncorrectable cardiac defects has prompted 
increasing interest in surgical palliation. Because of high 
neonatal pulmonary vascular resistance, a staged surgical 
approach is necessary. This series and other current 
surgical series, particularly those of Norwood and associ- 
ates, suggest that the natural history of HLHS can be 
substantially altered by a reconstructive operation. Mod- 
ifications in the technique of initial palliation, like those 
described in this series, are constantly occurring to mini- 
mize late complications that might make a second stage 
procedure more treacherous. With more experience, the 
surgical results will continue to improve. Alternatively, 
cardiac allotransplantation could prove to be a viable 
alternative. However, the availability of potential neona- 
tal donors is presently very limited. 
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During regular bacteriological surveillance of cardiac 
surgical equipment and patients, the Cell Saver appara- 
tus (CSA) was prospectively evaluated to determine if it 
represented an additional risk for infection. Nineteen 


patients were studied. After each operation, the effluent — 


from the CSA was sterilely sealed for subsequent cul- 
ture. A total of 42 aerobic and 42 anaerobic cultures were 
made. Postoperatively all patients were evaluated daily 
for four days and before discharge for clinical evidence 


o is a major cause of morbidity and mortality in 
cardiac surgical patients. Regular bacteriological sur- 
veillance of all apparatus used to treat patients undergo- 
ing cardiopulmonary bypass (CPB) is necessary to ensure 
that the patients are not exposed to additional risk of 
infection. Surveillance of personnel and equipment used 
in the operating room has been reported [1]. Operating 
room personnel and both anesthesia and surgical equip- 
ment have been implicated as a cause of postoperative 
sepsis [2, 3]. The heart-lung machine [4], coronary suction 
system [5], intravenous and urinary catheters, and endo- 
tracheal tubes [1, 6, 7] have all been described as sources 
of infection. The importance of such cultures is not 
entirely clear, as positive blood cultures from apparatus 
have not always been associated with clinical infection in 
patients [4]. Comparable information about the Cell Saver 
apparatus (CSA) is not available because the CSA has not 
been so studied. 

The CSA provides autologous blood for reinfusion, and 
was introduced amid growing concern over the increasing 
use of blood and its components during surgical proce- 
dures requiring cardiopulmonary bypass. The National 
Institutes of Health recommended increased use of autol- 
ogous blood transfusions in 1973 [8]. More recently, 
concerns over blood-borne infections such as hepatitis, 
cytomegalovirus, and acquired immunodeficiency syn- 
drome have emphasized the need to minimize exposure 
to heterologous transfusion. 

The purpose cf this study was to prospectively evaluate 
the incidence of CSA contamination and its possible 
contribution to postoperative infection. 
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of infection. Four patients had positive CSA cultures 
without evidence of postoperative clinical infection. Five 
patients in whom postoperative infectious complications 
developed had negative CSA cultures. Ten patients had 
negative CSA cultures and no evidence of postoperative 
infection. We conclude that the CSA does not appear to 
contribute to the risk of infection in cardiac surgical 
patients and that it is a safe adjunct to cardiac surgery. 
(Ann Thorac Surg 1989;48:51-3) 


Material and Methods 


The CSA (Haemonetics Cell Saver, Haemonetics Corp, 
Braintree, MA) is a centrifuge that, when simultaneously 
spinning and washing its contents with saline solution, 
leaves in its bowl the heavy elements of the blood suc- 
tioned from the field (ie, the cells). The CSA removes the 
lighter elements, the proteins, and the saline washings, 
transferring all of the latter to a waste bag. With continu- 
ing centrifugation, the erythrocytes gradually fill the CSA 
bowl. When it is filled, the cells are washed with saline 
solution and transferred to a reinfusion bag for return to 
the patient. All parts of the CSA that come into contact 
with blood are disposable. 

The CSA to be studied was selected at random from 
procedures in which bypass times were expected to be of 
at least average duration. Cultures were obtained, and 
patients were followed postoperatively and checked for 
the development of infectious complications. 

The waste bag from the CSA was sterilely sealed at the 
conclusion of the operation and sent intact to the Clinical 
Microbiology Laboratory. There, under sterile conditions, 
50 mL of the washings was transferred from the waste bag 
to a sterile 50-mL plastic centrifuge tube and spun at 2,000 
rpm for ten minutes, producing a sediment that was then 
used to inoculate one sheep blood agar plate, one choco- 
late agar plate, one MacConkey agar plate, and one vial of 
thioglycolate broth. The sheep blood and chocolate plates 
were inoculated at 35°C in the presence of carbon dioxide; 
the MacConkey plate and the thioglycolate broth were 
incubated aerobically at 35°C. These inoculates were ex- 
amined for growth daily for four days. 

Infection in the patients was defined as the presence of 
usual signs and symptoms, namely, oral temperature 
greater than 38.5°C, cough productive of purulent spu- 
tum, clinical evidence of urinary tract infection, findings 
suggestive of pneumonia on chest roentgenogram, and 
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hemodynamic indices consistent with septic shock. Cul- 
tures were grown from blood, sputum, and urine speci- 
mens as indicated by the clinical pictures of infection. 

Nineteen patients undergoing an elective cardiac oper- 
ation requiring cardiopulmonary bypass and the use of 
the CSA were studied. Anesthesia practice included in- 
travenous radial and pulmonary artery catheters placed 
under sterile conditions and routine administration of 
antibiotics before skin incision. The anesthesia techniques 
and support methods employed were at the discretion of 
the attending physicians. Use of the CSA was discontin- 
ued at the end of the surgical procedure, and it was not 
used postoperatively in the intensive care units. 

Exact binomial p value for matched-pair 2 x 2 table (f) 
was used for statistical analysis. A p value of less than 0.05 
was considered significant. l 


Results 


Nineteen patients (13 men, 6 women) aged 35 to 77 years, 
with a body surface area of 1.91 + 0.23 m? (mean + 
standard deviation), were entered into the study. Fifteen 
underwent coronary artery bypass grafting (one of these a 
repeat procedure), 2 had aortic valve replacement (one of 
these a repeat procedure), 1 had repeat mitral valve 
replacement, and 1 underwent combined coronary artery 
bypass grafting and aortic valve replacement. The opera- 
tions lasted 309 + 88 minutes, and the length of cardio- 
pulmonary bypass was 128 + 34 minutes. The CSA was in 
use for the duration of the operation with suction pres- 
sures of 120 mm Hg. 

All patients received prophylactic antibiotics: 17 pa- 
tients received 1.0 g of cefazolin sodium and 2 patients, 
1.0 g of vancomycin. Two to 12 units (mean amount, 4.5 
+ 2.4 units) of autologous blood from the CSA was 
transfused to each patient. 

A total of 21 bags of effluent from the CSA were sent for 
culture, one bag from each of 17 patients and two bags 
from each of 2 patients. As two aerobic and two anaerobic 
cultures were grown from each bag, a total of 42 aerobic 
and 42 anaerobic cultures were studied. 

Three of the 42 anaerobic cultures were positive for 
diphtheroids, and one of the 42 aerobic cultures was 
positive for Staphylococcus epidermidis. None of the 4 pa- 
tients with positive cultures of the CSA waste bag had 
infectious complications during the hospital stay. 

In 5 of the remaining 15 patients, infectious complica- 
tions developed during hospitalization. Three of these 
patients had lower respiratory infections manifested clin- 
ically by a productive purulent cough. Cultures of sputum 
from 1 patient grew Klebsiella, and from the other 2 
patients, normal oral flora. These episodes resolved, and 
the patients were discharged with no sequelae. One 
patient sustained a stroke and required prolonged venti- 
latory support; Candida albicans pneumonia developed. 
One patient, whose sternum was kept open because of 
poor ventricular performance, died in septic shock on the 
third postoperative day. Though clinical measurements 
indicated septic shock, blood cultures remained negative. 
None of these 5 patients in whom clinical signs of infec- 
tion developed had positive cultures from the CSA. 
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Statistical analysis revealed no significant correlation 
between the use of the CSA and the incidence of postop- 
erative infection. 


Comment 


Cardiac surgical patients are prone to experience septic 
complications [9-21]. In addition to postoperative hemor- 
rhage with formation of mediastinal hematoma, pro- 
longed operative time, sternotomy itself [11], debilitated 
status of some patients [2, 12], and invasive monitors and 
catheters [1, 6, 13], cardiopulmonary bypass involves 
exposure of blood to foreign surfaces and is associated 
with perioperative impairment of both cellular and hu- 
moral components of host defenses [9-11, 13-15]. This 
continues to be true despite many improvements in 
apparatus design and operative techniques. A recent 
study [15] demonstrated severe dysregulation of the im- 
mune system not found in patients undergoing general 
surgical procedures without bypass. 

The relationship between apparatus cultures and pa- 
tient infection may be obscured by the antibiotic prophy- 
laxis that is almost universal even though the data to 
support such practice is scarce [19-21]. First-generation 
cephalosporins such as cefazolin have been widely used 
for such prophylaxis and may be preferable to second- or 
third-generation cephalosporins in terms of effectiveness, 
cost, and range of activity. Because of its longer half-life, 
cefazolin (the cephalosporin used in this study) is the 
first-generation cephalosporin of choice. Although much 
variability exists regarding the dosage and duration of the 
prophylactic therapy, the regimen used in this study 
represents common practice. The effect of antibiotic pro- 
phylaxis on cultures from the apparatus and their rela- 
tionship to infection in the patients is, as in other studies, 
unclear. 

Infections from the surgical environment and apparatus 
used for open heart operations have been extensively 
studied and reviewed [4, 5, 7, 20, 21]. A study of the 
heart-lung machine [4] showed that 16 (2.4%) of 657 blood 
cultures from the machine itself were positive for bacteria. 
Twelve of these 16 patients demonstrated absence of 
clinical infection. Three of the remaining 4 patients were 
already infected and thus contaminated the heart-lung 
machine. In only 1 patient was the cause of infection the 
heart-lung machine itself; ie, positive cultures in the 
apparatus correlated poorly with infection. Thus, the 
heart-lung machine did not appear to add a major risk of 
infection. 

Intraoperative autotransfusion is not a new idea. High- 
more [22] first suggested its use in 1874. The expense 
involved, the fears of coagulopathy, and the perceived 
safety of the blood supply hindered early acceptance. 
More recently, concerns about the blood supply, particu- 
larly with respect to acquired immunodeficiency syn- 
drome, have led to a fenewed interest in intraoperative 
autotransfusion [23, 24]. 

A number of autotransfusion devices are commercially 
available. In general, blood is collected, filtered, and then 
either reinfused directly or washed and then reinfused. 
The apparatus used in our study reinfused washed cells. 
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Washing the blood cells with sterile saline solution does 
not ensure that the reinfusate is uncontaminated. How- 
ever, our study showed that none of the patients with 
positive inoculates experienced infectious complications 
and that none of the patients with postoperative infec- 
tious complications had positive inoculates. This finding 
is analogous to that seen with the heart-lung machine (ie, 
positive cultures did not always mean patient infection). 

Nevertheless, despite the many new antibiotics that 
have been developed, techniques such as host defense 
enhancement [25], and refinements in apparatus design, 
bacteriological surveillance of equipment and patients 
remains important in the evaluation of postoperative 
infection. 

In conclusion, this study demonstrated the presence of 
positive blood cultures from an apparatus (the CSA) that 
is widely used and in direct contact with the patient’s 
blood during an open heart operation. It also showed, 
however, that these cultures did not correlate with clinical 
infection in the patient. The CSA thus appears a safe 
adjunct to open heart operations. 


We thank E. C. Hall, PhD, Professor of Epidemiology and 
Biostatistics, for his help in analyzing the data in this study. 
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Two hundred fifty-three patients who underwent iso- 
lated mitral valve replacement with a porcine biopros- 
thesis had long-term evaluation. One hundred forty- 
seven patients received a Carpentier-Edwards porcine 
bioprosthesis and 106, a Hancock valve. There were no 
significant differences in preoperative clinical character- 
istics between the two groups. Cumulative follow-up 
was 1,375 patient-years. At 10 years, 93% + 2.5% of the 
patients in the Carpentier-Edwards group and 85% + 
7.8% of those in the Hancock group were free from 
valve-related death (not significant), and 95% + 2% and 


orcine bioprostheses treated with glutaraldehyde 

have been used for mitral and aortic valve replace- 
ment since 1968 [1]. However, only since 1974 has the 
bioprosthetic valve been commercially available and 
widely implanted. The Carpentier-Edwards prosthesis 
and the Hancock prosthesis have been the most fre- 
quently used porcine bioprostheses. They differ some- 
what in the glutaraldehyde concentration and the type of 
supporting stent. 

During the period January 1975 to December 1979, both 
types of porcine bioprostheses were commonly used in 
our institution without special selection or randomization; 
the choice depended mainly on the preference of the 
individual surgeon. The aim of this study was to compare 
long-term performance characteristics of Hancock or Car- 
pentier-Edwards porcine mitral bioprostheses implanted 
in the same institution by the same team and over the 
same period. 


Material and Methods 


Two hundred fifty-three patients who underwent isolated 
mitral valve replacement with a porcine bioprosthesis 
between January 1975 and December 1979 constitute the 
material of this study. They were separated into two 
groups based on the type of valve implanted: 147 patients 
received a Carpentier-Edwards valve and 106, a Hancock 
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91% + 3.8%, respectively, were free from thromboembo- 
lism (not significant). At 10 years, 65% + 7.2% of the 
patients in the Carpentier-Edwards group and 66% + 
7.2% of those in the Hancock group were free from 
structural valve deterioration (not significant), and 64% 
+ 6% and 59% + 7.3%, respectively, were free from 
reoperation (not significant). We conclude that the first 
generation of Carpentier-Edwards and Hancock prosthe- 
ses produce comparable long-term results in the mitral 
position. 

(Ann Thorac Surg 1989;48:54-9) 


valve. Age ranged from 18 to 77 years (mean age, 53.6 + 
11.3 years and 50.2 + 13.3 years, respectively). 

Analysis of multiple preoperative variables—mean age, 
proportion of patients aged less than and more than 35 
and 55 years, mean preoperative functional class, mean 
cardiothoracic ratio, incidence of atrial fibrillation, mitral 
valve lesion, and etiology—did not show any significant 
differences between the two cohorts (Table 1). 

Information on operative mortality and complications 
was collected as part of the follow-up. Long-term follow- 
up was completed over a 4-month interval (January 
through April 1987) through questionnaires and tele- 
phone contacts with patients and their referring physi- 
cians. The average duration of follow-up of surviving 
patients was 7.2 + 2.3 years for the Carpentier-Edwards 
group and 6.8 + 2.9 years for the Hancock group (range, 
7 to 12 years). The cumulative follow-up was 826 patient- 
years for the Carpentier-Edwards group and 549 patient- 
years for the Hancock group. 


Postoperative Anticoagulation 


All patients received immediate postoperative anticoagu- 
lant therapy with subcutaneous administration of heparin 
sodium beginning six hours after operation and continu- 
ing for ten days thereafter. Oral anticoagulation with 
warfarin sodium was initiated at that time and was 
eventually discontinued after 3 months depending on the 
decision of the referring cardiologist, rather than that of 
the surgeon, provided the patient was in sinus rhythm. 
Seventy-five percent of the surviving patients in both 
groups are on a regimen of long-term anticoagulation. 
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Table 1. Preoperative Clinical Characteristics of the Two 
Patient Groups*~* 














Carpentier- 
Edwards Hancock 

Variable (n = 147) (n = 106) 
Age 

Mean (yr) 53.6 + 11.3 50.2 + 13.3 

Patients <35 yr g 7 

Patients >35 yr 139 99 

Patients <55 yr 76 56 

Patients >55 yr 71 50 
Preoperative functional class 2.6 + 0.7 2.5 + 0.6 
Preoperative cardiothoracic 0.6 + 0.07 0.59 + 0.06 

ratio 
Cardiac rhythm 

Sinus rhythm 52 (35) 13 (12) 

Atrial fibrillation 95 (65) 93 (88) 
Predominant functional lesion 

Mitral stenosis 27 (18) 17 (16) 

Mitral regurgitation. 48 (33) 30 (28) 

Mixed mitral lesions 72 (49) 59 (56) 
Etiology 

Rheumatic fever 103 (70) 80 (75) 

Degenerative disease 37 (25) 22 (21) 

Ischemic disease 3 (2) 3 (3) 

Endocarditis 2 (1) 1 (1) 

Previous prosthesis 2 (1) 0 (0) 


a There were no significant differences between the two groups. 
> Where applicable, data are shown as the mean + the standard devia- 
tion. < Numbers in parentheses are percentages. 


Definitions 

Stringent definitions for all valve-related complications 
derived from the Stanford framework were used in this 
study [2]. Structural valve deterioration was defined as an 
intrinsic abnormality of the prosthesis (leaflet disruption, 
calcification) causing stenosis or regurgitation found at 
autopsy or reoperation. 


Table 2. Causes of Hospital Death* 


Carpentier-Edwards 

Cause (n = 147) m = 106) 
Valve thrombosis 1 1 
Cardiac failure 9 13 
Myocardial infarction 0 1 
Aortic dissection 1 
Surgical hemorrhagic 2 

complication 
Sudden death 0 1 
Sepsis 0 2 

Total 13 (8.8) 19 (17.9) 


* Numbers in parentheses are percentages. 
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147 113 110 104 
106 80 73 69 
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Fig 1. Actuarial survival curves. Operative mortality is included. 
{C-E = Carpentier-Edwards; HCK = Hancock.) 


Thromboembolism was defined as the occurrence of 
any new focal neurological deficit, whether transient or 
permanent, unless it could be proved unequivocally to be 
due to another cause. Peripheral emboli were also in- 
cluded in this category unless the embolus clearly did not 
arise from the heart. This category also included valve 
thrombosis. 

Anticoagulant-related hemorrhage included all epi- 
sodes of internal or external bleeding resulting in hospi- 
talization, transfusion, or death. 

Reoperation included all valve reoperations regardless 
of the indication, including re-replacement and suturing 
of a periprosthetic leak. 

Valve failure encompassed all valve-related complica- 
tions prompting reoperation or causing death (structural 
valve deterioration, prosthetic valve endocarditis, peri- 
prosthetic leak, hemodynamic valvular dysfunction, 
thromboembolism, anticoagulant-related hemorrhage). 

Valve-related death was defined as valve failure leading 
to death. 


Statistical Analysis 


Standard actuarial and linearized techniques were used to 
describe survival and the incidence of valve-related com- 
plications [3-5]. The log-rank test was used to compare 
actuarial curves [6]. Continuous data are presented as the 
mean + the standard error of the mean. 

Patients continued in the study until valve removal, 
death, or loss to follow-up. Patients were removed “alive” 


Table 3. Causes of Late Death 





Carpentier-Edwards Hancock 

Cause (n = 147) (n = 106) 
Valve-related death 7 3 
Cardiac-related 12 9 

death x 
Sudden death 9 8. 
Noncardiac 

Cancer 4 1 

Other 3 
Unknown 4 

Total 39 26 
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Fig 2, Actuarial curves of freedom from valve-related death. (C-E = 
Carpentier-Edwards; HCK = Hancock.) 


from the study when the original valve was replaced or 
when an additional valve replacement was required. 

Only the first event for each patient during the study 
was considered for the actuarial analysis, whereas all 
events for each patient were considered in the linear 
analysis. 


Results 


Operative Mortality 


Thirty-day operative mortality was 8.8% in the Carpen- 
tier-Edwards group and 17.9% in the Hancock group. The 
causes of death are listed in Table 2. One of the early 
deaths in each group was valve related (valve thrombo- 
sis). 


Late Survivai 


Long-term actuarial survival is shown in Figure 1. Ten- 
year survival rates were 55% + 4.7% in the Carpentier- 
Edwards group and 50% + 6% in the Hancock group. The 
difference between the two groups was not significant. 
The causes of late death were grouped into five different 
categories: valve-related death, cardiac-related death, 
sudden death, noncardiac cause, and unknown (Table 3). 


Table 4. Summary of Linearized Rates of Valve-Related 
Complications*” 


Carpentier-Edwards Hancock 
Complication (n = 147) (n = 106) 
Valve-related death 0.9 + 0.3 0.9 + 0.4 
Thromboembolism 0.8 + 0.3 11+ 04 
Structural valve 2.9 + 0.5 2.6 + 0.7 
deterioration 
Reoperation 3.5 + 0.5 4.1 + 0.8 
Valve failure 4.1 0.7 4.1 + 0.8 
Anticoagulant-related 10.3 1.3 + 0.4 
hemorrhage 
Valve-related mortality and 4.8 £0.7 5.6 + 1.1 


morbidity 


a Data are shown as percent per patient-year. > Data are shown as the 


mean + the standard error of the mean. 
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Table 5. Causes of Valve-Related Death 








Carpentier-Edwards Hancock 
Cause (n = 147) (n = 106) 
Valvular thrombotic 2 1 
occlusion 
Thromboembolism 0 
Anticoagulant-related 4 
hemorrhage 
Structural valve 1 3 
deterioration 
Total 7 4 





Valve-Related Deaths 

At 10 years, 93% + 2.5% of the patients in the Carpentier- 
Edwards group and 85% + 7.8% of those in the Hancock 
group were free from valve-related death (Fig 2). Statisti- 
cal analysis showed no significant difference between the 
two groups. The linearized rates were 0.9% + 0.3% per 
patient-year for the Carpentier-Edwards group and 0.9% 
+ 0.4% per patient-year for the Hancock group (Table 4). 
The causes of valve-related death are listed in Table 5. 
Including sudden death in the causes of valve-related 
death, 83% + 4.8% of the patients in the Carpentier- 
Edwards group and 76% + 8.2% of those in the Hancock 
group were free from valve-related death. Again, no 
significant difference was seen between the two groups. 


Thromboembolism 

On an actuarial basis, 95% + 2% of the patients in the 
Carpentier-Edwards group and 91% + 3.8% of the pa- 
tients in the Hancock group were free from thromboem- 
bolic complications at 10 years (Fig 3). The linearized rates 
were 0.8% + 0.3% and 1.1% + 0.4% per patient-year, 
respectively (see Table 4). Differences between the two 
groups were not significant. Two fatal episodes of throm- 
botic valvular occlusion occurred in the Carpentier- 
Edwards group and one in the Hancock group. The other 
thromboembolic complications in both groups were tran- 
sient and regressive. 


100 
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Fig 3. Actuarial curves of freedom from thromboembolism. (C-E = 
Carpentier-Edwards; HCK = Hancock.) 
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Fig 4. Actuarial representation of freedom from structural valve dete- 
rioration. (C-E = Carpentier-Edwards; HCK = Hancock.) 


Structural Valve Deterioration 


At 10 years, 65% + 7.2% of the patients in the Carpentier- 
Edwards group and 66% + 7.2% of those in the Hancock 
group were free from structural valve deterioration (Fig 
4). The difference was not significant. All of the patients 
with diagnosed structural valve deterioration were sched- 
uled for an elective reoperation. Of the 24 patients with 
structural valve deterioration in the Carpentier-Edwards 
group and the 14 in the Hancock group who had reoper- 
ation, 1 (4%) in the Carpentier-Edwards group died (post- 
operative heart failure) and 3 (21%) in the Hancock group 
died (2 of mediastinitis and 1 of postoperative heart 
failure). Linearized rates are shown in Table 4. The 
prosthetic valves used at reoperation were as follows: 23 
Starr-Edwards, 10 porcine bioprostheses, and 5 St. Jude 
Medical. 

It is of note that in the Carpentier-Edwards group, four 
of the cases of structural valve deterioration occurred in 
the 8 patients younger than 35 years. In this same group, 
16 cases occurred in the 76 patients younger than 55 years, 
and only eight cases were found in the 71 patients older 
than 55 years. The same situation prevailed in the Han- 
cock group, with three cases of structural valve deteriora- 
tion in the 7 patients younger than 35 years old. The 56 
patients younger than 55 years experienced ten cases of 
structural valve deterioration, whereas the 50 patients 
older than 55 experienced four cases. 
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Fig 5. Actuarial curves of freedom from reoperation. (C-E = Carpen- 
tier-Edwards; HCK = Hancock.) 
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Table 6. Causes of Reoperation 


Carpentier-Edwards Hancock 

Cause (n = 147) (n = 106) 
Structural valve deterioration 24 14 
Thrombosis 1 
Periprosthetic leak 4 
Endocarditis 0 3 
Inadequate size 0 1 
Total 29 23 


Reoperation 

On an actuarial basis, at 10 years, 64% + 6% in the 
Carpentier-Edwards group and 59% + 7.3% in the Han- 
cock group have undergone reoperation (Fig 5). The 
difference was not significant. The linearized rates of 
reoperation are shown in Table 4. The causes of reopera- 
tion are listed in Table 6. The mortality for reoperation 
was 10% in the Carpentier-Edwards group (3/29) and 17% 
in the Hancock group (4/23). 


Valve Failure 


At 10 years, 60% + 6.5% of the patients in the Carpentier- 
Edwards group and 59% + 7.3% of those in the Hancock 
group were free from valve failure (Fig 6). The difference 
was not significant. 

Causes of valve failure are listed in Table 7. It is 
noteworthy that in the Carpentier-Edwards group, 29 of 
the 34 patients with valve failure were able to have a 
reoperation and all the patients with valve failure in the 
Hancock group underwent reoperation. Seven patients in 
the Carpentier-Edwards group died as a result of valve 
failure (3, reoperation; 4, anticoagulant-related complica- 
tion) and 4 in the Hancock group (4, reoperation). 


Anticoagulant-Related Hemorrhage 


At 10 years, 92% + 2.7% of the patients in the Carpentier- 
Edwards group and 85% + 5.5% of those in the Hancock 
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Fig 6. Actuarial curves of freedom from valve failure. (C-E = Car- 
pentier-Edwards; HCK = Hancock.) 


58 PERIER ET AL 
LONG-TERM RESULTS WITH MITRAL BIOPROSTHESES 





Table 7. Causes of Valve Failure 





Carpentier-Edwards Hancock 

Cause (n = 147) (n = 106) 

Structural valve 24 14 
deterioration 

Thromboembolic 3 1 
complications 

Periprosthetic leak 3 3 

Endocarditis ‘0 

Anticoagulant-related 4 0 
hemorrhage 

Inadequate size 0 1 
Total 34 23 


group were free from anticoagulant-related hemorrhage 
(Fig 7). The difference was not significant. Linearized 
rates are shown in Table 4. In the Carpentier-Edwards 
group, 4 patients died as a result of an anticoagulant- 
related complication; none in the Hancock group died of 
this complication. 


Valve-Related Mortality and Morbidity 


Combining the incidence of thromboembolic and antico- 
agulation complications not resulting in reoperation or 
death with the incidence of valve failure yielded a com- 
posite function describing the incidence of valve-related 
mortality and morbidity. On an actuarial basis, 50% + 
7.2% of the patients in the Carpentier-Edwards group and 
49% + 7.5% of those in the Hancock group were free from 
valve-related complications at 10 years. This difference 
was not: significant (Fig 8). The linearized rates are shown 
in Table 4. 


Comment 


In spite of the extensive use since 1974 of porcine biopros- 
theses, mainly the Carpentier-Edwards and the Hancock, 
few reports are available that compare the long-term 
results between these two valves [7-9]. Using the meth- 
ods described in a previous report from our institution 
[10], this study seems appropriate because it compares 
two series of patients operated on in the same institution 
by the same team over a limited period of 5 years with a 





i 1 2 3 4 5 6 7 8 9 10 


Fig 7. Actuarial curves of freedom from anticoagulant-related hemor- 
rhage. (C-E = Carpentier-Edwards; HCK = Hancock.) 
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Fig 8. Actuarial curves showing percentage of patients free from 
valve-related mortality and morbidity. (C-E = Carpentier-Edwards; 
HCK = Hancock.) 


follow-up of 7 to 12 years. The homogeneity of the two 
groups has been demonstrated only on the basis of clinical 
findings (age, preoperative functional class, preoperative 
cardiothoracic ratio, predominant functional lesion, etiol- 
ogy), as hemodynamic data were not available on all 
patients. 

One criticism that could be leveled is that the selection 
of the type of bioprosthesis placed was not randomized. 
Rather it was left to the discretion of each individual 
surgeon who habitually used the same prosthesis during 
the study period. 

The operative mortality y was high. Howellee. the oper- 
ative risk has improved in the past 10 years because of 
better myocardial protection. The current risk for isolated 
mitral valve replacement is 3%. 

Our 10-year survival of 55% and 50% for the Carpentier- 
Edwards and the Hancock groups, respectively, is similar 
to that in other reports on bioprostheses in the mitral 
position [11, 12]. However, the overall late survival, 
which is determined by patient-related factors and mostly 
by the condition of the heart at the time of operation, is 
not a sensitive indicator of the performance of a given 
prosthesis. 

The incidence of valve-related death may be a more 
accurate indicator of the risks associated with a given 
device. The actuarial rates of freedom from valve-related 
death (93% in the Carpentier-Edwards group and 85% in 
the Hancock group) revealed no significant difference. 
However, in a nonrandomized retrospective study, as- 
sessing the cause of death in a population who lived 
outside the hospital and who often died unobserved leads 
to a sustained possibility of error, as underlined by 
Hammond and colleagues [13]. As a result, we separated 
the patients who died suddenly. Most certainly, many of 
these patients died of an arrhythmia, but it is likely that 
some patients died of a valve-related cause. The compu- 
tation of valve-related mortality incorporating sudden 
death did not yield different results. l 

One of the prime reasons for using porcine biopros- 
thetic valves is to decrease the incidence of thromboem- 
bolic complications compared with mechanical valves. As 
in other reports [14, 15], the rate of thromboembolic 
complications was low in the two groups (0.8% + 0.3% 
per patient-year in the Carpentier-Edwards group and 
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1.1% + 0.4% per patient-year in the Hancock group). As 
other ‘studies [15, 16] have shown, most of the thrombo- 
embolic complications occurred within the first postoper- 
ative year. 

The incidence of anticoagulant-related hemorrhage, 1% 
+ 0.3% per patient-year in the Carpentier-Edwards group 
and 1.3% + 0.4% per patient-year in the Hancock group, 
was relatively high in this report, especially considering 
that 4 patients in the Carpentier-Edwards group died as a 
result of anticoagulation complications. 

Durability remains the major problem of tissue valves, 
and represents a serious concern for the patient and the 
surgeon. At the end of 10 years, 35% of the patients in 
both groups have undergone reoperation for structural 
valve deterioration, an incidence frequently reported in 
the literature [11, 17-19]. As in most other reports [7, 9], 
no difference was observed in the rate of structural valve 
deterioration between the Carpentier-Edwards prosthesis 
and the Hancock prosthesis. One exception was the study 
of Hartz and co-workers [20], which suggested that the 
deterioration rate of the Carpentier-Edwards bioprosthe- 
sis was less than that of the Hancock valve, but the 
follow-up was shorter. In both groups, the first cases of 
structural valve deterioration began occurring in the third 
postoperative year. 

One of the major issues with bioprostheses is the 
operative mortality associated with reoperation for struc- 
tural valve deterioration. The operative mortality for valve 
re-replacement was 4% in the Carpentier-Edwards group 
and 21% in the Hancock group. In a larger series of 90 
reoperations for structural valve deterioration of biopros- 
theses, we [21] found an operative mortality of 5.5%, a 
risk similar to that of primary operations. 

It is of note that in 25% of the reoperations for structural 
valve deterioration, a second kind of bioprosthesis was 
used (usually at the request of the patient) to avoid 
anticoagulation, provided failure did not occur within the 
first 8 years after implantation. This percentage is low 
compared with that of Magilligan and colleagues [17], 
who replaced 77% of degenerated valves in the mitral 
position with a different bioprosthesis. 

In summary, our study shows that the first-generation 
Carpentier-Edwards porcine bioprosthesis and the Han- 
cock prosthesis produce comparable long-term results in 
the mitral position. The problem of structural valve failure 
in tissue valves may be eased in the recent products by the 
introduction of new methods of tissue preservation, low- 
pressure fixation, and improvements in calcium mitiga- 
tion. 
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Twenty-seven patients underwent reoperation because 
of thrombotic obstruction of a disc-type cardiac valve 
prosthesis. Preoperative clinical features included effort 
dyspnea in 81%, new-onset angina in 44%, a new mur- 
mur in 89%, and an abnormal opening or closing sound 
associated with the prosthetic valve in 56%. Symptoms 
were present for 1 week or more before reoperation in 
86%, although many patients were referred only after 
acute exacerbation of heart failure and development of 
pulmonary edema. Noninvasive studies confirmed pros- 
thetic valve malfunction in only 33%, but cardiac cathe- 


hrombotic obstruction, a rare but very serious compli- 
cation of cardiac valve prostheses, appears to occur 
more frequently in disc valves than in other designs 
[1-15]. Karp and colleagues [12] reported the cumulative 
{actuarial estimate) risks for thrombosis of Bjérk-Shiley 
tilting-disc valves to be 3%, 13%, and 13% at 5 years after 
aortic, mitral, and combined aortic and mitral valve re- 
placement, respectively; overall incidence was 8.6%. Re- 
ports have emphasized the sudden, precipitous deterio- 
ration in hemodynamics and the high mortality of 
reoperation in these critically ill patients [16]. Noninvasive 
procedures including cineradiography and echocardiog- 
raphy have been recommended in the diagnostic evalua- 
tion of prosthetic valve thrombosis [9, 16, 17]. 

Within the last 5 years, we have treated 8 patients who 
had thrombotic obstruction (1 has been described in detail 
[18]) and noted that various prodromes were apparent 
before hemodynamic deterioration; diagnosis during this 
interval should permit better results after reoperation. In 
this report, we describe the entire series of reoperations 
for thrombotic obstruction of prosthetic disc valves at this 
institution. 


Material and Methods 


We reviewed the clinical records of all patients who have 
undergone repair or replacement of malfunctioning disc 
valves at the Mayo Clinic. We selected for analysis those 
patients who had thrombus formation with or without 
fibrous tissue overgrowth on prosthetic disc valves and 
whose malfunctioning valve was the reason for reopera- 
tion. Reoperations were performed from May 13, 1969, 
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terization documented thrombotic obstruction in all 15 
patients in whom it was performed. In 14 of the 27 
patients, prothrombin time was in the therapeutic range 
at the time of admission. Prompt reoperation for valve 
replacement or thrombectomy was performed with an 
operative mortality of 11%, and long-term outcome was 
satisfactory in all but 1 hospital survivor. These findings 
emphasize the importance of considering the diagnosis 
of thrombosed heart valves in patients with mechanical 
heart valves who are seen with nonspecific symptoms. 
(Ann Thorac Surg 1989;48:60-5) 


through April 1, 1988. During analysis of the records, 
attention was focused on the severity and duration of 
preoperative symptoms. 


Results 


Clinical data on the 27 patients are summarized in Table 1. 
Twenty patients had had initial valve replacement at the 
Mayo Clinic. Thrombotic obstruction of the prosthetic 
valve occurred in the mitral position in 11 patients, in the 
aortic position in 11 patients, and in the tricuspid position 
in 5 patients. Fourteen patients had Bjérk-Shiley tilting- 
disc valves (nine aortic, three mitral, two tricuspid); 5 had 
Kay-Shiley disc valves (all mitral); 4 had the Starr- 
Edwards disc valve (one mitral, three tricuspid); 2 had 
Lillehei-Kaster prosthetic valves (one aortic, one mitral); 1 
had a St. Jude valve (aortic); and 1 had an Omniscience 
valve (mitral). 

The interval between implantation and dysfunction of 
the disc valve ranged from 4 to 144 months (median time, 
54 months). Systemic anticoagulation with warfarin so- 
dium was judged to be adequate (prothrombin time 22 
times control) in 14 of the 27 patients at the time of 
diagnosis of disc valve thrombosis. In the remaining 13 
patients, warfarin had been discontinued or used only 
intermittently; in these patients, the prothrombin time 
was nearly normal when the symptoms of congestive 
heart failure developed. Two of the 14 patients with 
therapeutically adequate systemic anticoagulation and 3 
of the 13 patients with inadequate anticoagulation were 
also taking antiplatelet agents. 

Prominent preoperative symptoms were dyspnea in 22 
patients (81%) and angina in 12 patients (44%) (Table 2). 
Eight patients had progressive fatigability without pulmo- 
nary symptoms, and 7 patients had recent transient 
neurological deficits or frank stroke. Two patients denied 
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Table 1. Summary of Clinical Data on Patients Undergoing Reoperation for Thrombosed Prosthetic Disc Valve 





Patient 
No. 


1 


10 


11 


12 


13 


14 


15 


16 


17 
18 


20 
21 


Age 
yr) 


68 


37 
41 
50 
37 
66 
30 
58 
56 


47 


50 
18 
38 
47 
58 
58 


66 
57 


45 


33 
33 
59 


Sex 


M 


M 
M 


bes 


Valve 
Site 


Tricuspid 


Tricuspid 
Tricuspid 
Mitral 
Mitral 
Aortic 
Mitral 
Mitral 
Mitral 


Mitral 


Mitral 
Tricuspid 
Tricuspid 
Mitral 
Mitral 
Mitral 


Aortic 
Aortic 


Aortic 


Aortic 
Aortic 
Aortic 


Valve 
Type 
S-E 


K-S 


K-S 


B-S 
B-S 


B-S 


B-S 
B-S 
B-S 


. Anti- 
coagulation 


Adequate 


Adequate 
Adequate 
Adequate 
Adequate 
Inadequate 
Adequate 
Inadequate 
Adequate 


Adequate 


Adequate 
Inadequate 
Adequate 
Inadequate 
Adequate 
Adequate 


Adequate 
Inadequate 


Inadequate 


Inadequate 
Inadequate 
Inadequate 


Interval From 
Insertion to 
Thrombosis 

(mo) 


93 


54 


96 


16 


128 


21 


83 


29 


144 


108 


67 
84 


16 


14 
28 
91 


Other 
Prosthetic 
Valves 


Yes 


Yes 


Reoperation 


Replacement, 
23-mm 
porcine 
heterograft 

Replacement, 
31-mm H 


Replacement, 
33-mm H 


Replacement, 
3M S-E ball 


Replacement, 
3M S-E ball 


Replacement, 
10A S-E ball 


Replacement, 
3M S-E ball 


Replacement, 
31-mm B-S 


Replacement, 
3M S-E ball 

Replacement, 
6M S-C ball; 
replacement 
tricuspid 
valve, 3M 
S-E ball 


Replacement, 
27-mm H 


Replacement, 
31-mm H 


Replacement, 
29-mm I-S 
Replacement, 

27-mm C-E 
Replacement, 
3M S-E ball 


Replacement, 
4M S-E ball 


Thrombectomy 


Replacement, 
31-mm C-E; 
coronary 
artery 
bypass x 2 

Replacement, 
25-mm C-E 

Thrombectomy 

Thrombectomy 

Replacement, 
23-mm C-E; 
pericardial 
patch 
enlargement, 
aortic valve 


Outcome 


Alive 


Alive 
Dead 
Alive 
Alive 
Alive 
Alive 
Alive 
Alive 


Alive 


Alive 
Alive 
Alive 
Dead 
Alive 
Alive 


Alive 
Alive 


Alive 
Alive 
Alive 
Alive 


(Continued) 
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Table 1. Continued 
Interval From 
Insertion to Other 

Patient Age Valve Valve Anti- Thrombosis Prosthetic 
No. (yr) Sex Site Type coagulation (mo) Valves Reoperation Outcome 
23 i 54 F Aortic B-S Inadequate 97 Yes Thrombectomy; Alive 

septal 

myotomy 
24 84 F Aortic B-S Inadequate 46 No Thrombectomy Alive 
25 68 M Aortic B-S Inadequate 20 No Thrombectomy Alive 
26 26 F Aortic SJ Inadequate 71 No Thrombectomy Dead 
27 67 F Mitral O Adequate 4 Yes Replacement, Alive 

4M S-E ball 
B-S = Bjérk-Shiley; C-E = Carpentier-Edwards; H = Hancock;  I-S = Ionescu-Shiley; K-S = Kay-Shiley; L-K = Lillehei-Kaster; O = 


Omniscience; 5-C = Smeloff-Cutter; S-E = Starr-Edwards; 


having any symptoms at the time of presentation, and 
disc malfunction was suspected from the results of the 
clinical examination. 

The duration of progression of cardiac symptoms prior 
to reoperation varied widely: less than 1 week, 2 patients 
(7%); 1 week to 1 month, 8 patients (30%); 1 to 6 months, 
11 patients (41%); and more than 6 months, 4 patients 
(15%). The 2 patients (7%) who were seen with hemolysis 
were asymptomatic. In general, the symptomatic patients 
had severe disability. New York Heart Association classi- 
fications at the time of operation were class IV for 9 
patients, class II for 10 patients, and class II for 8 patients. 
Four patients were in cardiogenic shock at the time of 
valve reoperation. However, these 4 patients, as well as 
the other symptomatic patients, had had milder symp- 
toms for periods ranging from ten days to 1 year preoper- 
atively. In several patients, the minor symptoms were 
initially discounted as a flulike illness, chronic obstructive 


Table 2. Preoperative Clinical Features of Patients 
Undergoing Reoperation for Disc Valve Thrombosis* 





No. of 
Variable Patients 
Symptoms? 
Dyspnea 22 (81) 
Angina 12 (44) 
Fatigability 8 (30) 
History of TIA or stroke 7 (26) 
New murmur 24 (89) 
_ Abnormal opening or closing sound of 15 (56) 
prosthetic valves 
Hypotension@ 6 (22) 
Stroke 5 (19) 
Hemolysis 2 (7) 


a Numbers in parentheses are percentages. ° Two patients were 
asymptomatic and were seen with hemolysis (patients 4 and 9; see Table 
1). Jt was a muffled sound. d Four were in overt cardiogenic 
shock. 


TIA = transient ischemic attack. 


SJ = St. Jude. 


lung disease, or mild congestive heart failure due to 
progressive left ventricular dysfunction. 

The diagnosis of prosthetic valve malfunction was sus- 
pected ‘from clinical examination and various laboratory 
evaluations (see Table 2). A new murmur developed in 24 
patients (89%), and 15 patients had abnormal (muffled) 
opening or closing sounds of the prosthetic valve. Other 
physical findings were a neurological deficit (permanent 
or transient) in 5 patients and hypotension in 6 patients, 4 
of whom were in overt cardiogenic shock. Two patients 
denied serious cardiac limitation but were noted to have 
severe hemolysis at the time of routine follow-up, and 
results of the physical examinations suggested prosthetic 
valve malfunction. 

Diagnostic studies included chest roentgenography, the 
results of which were abnormal in 24 (89%) of the 27 
patients (Table 3). Abnormal findings were pulmonary 
venous congestion in 20 patients and cardiomegaly with 
or without evidence of pulmonary venous hypertension 
in 4 patients. Fluoroscopy with cineradiography was 


Table 3. Diagnostic Studies in Patients Undergoing 
Reoperation for Thrombosis of Disc Valves 





Results 

Indeter- 

Normal Abnormal minate 

No of wi a a 

Study Patients No. % No. % No. % 

Chest 27 3 1 24 89 0 0 
roentgenography 

Fluoroscopy cf 11 7 6 4 36 0 0 

valve 

Echocardiography 18 3 17 6 3 9 50 

Cardiac 15 0 0 155 100 0 0 
catheterization 


a Twenty patients had pulmonary venous congestion or pulmonary ede- , 
ma; 4 patients had cardiomegaly without changes in pulmonary venous 
pattern. > Poor seating and decreased excursion of valve discs were 
noted. © Positive findings included thrombus formation on valve, 
valvular incompetence, decreased disc mobility, and abnormal pressure 
gradient across prosthetic valve. 


Ann Thorac Surg 
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Table 4. Interval From Hospital Admission to Reoperation for 
Disc Valve Thrombosis* 





No. of 
Interval Patients” 
<24h 4 (18) 
1 day-1 wk 12 (55) 
1 wk-1 mo 5 (23) 
>1 mo 1° (5) 
Total 22 


* Numbers in parentheses are percentages. > Five additional patients 
had elective surgical admission and operation (patients 4, 9, 11, 13, 18; see 
Table 1). < Operation was deferred to allow full-term delivery of 
pregnancy while the patient was under observation in the hospital (patient 
26; see Table 1). 


performed in 11 patients; in only 4 patients was decreased 
excursion or poor seating of the disc thought to be 
diagnostic of prosthetic valve malfunction. Two-di- 
mensional echocardiograms were obtained in 18 patients; 
3 patients (17%) were thought to have normal valve 
excursion, 6 (33%) were thought to have decreased am- 
plitude of disc excursion with diminished opening and 
closing rates, and for 9 (50%) the results were considered 
nondiagnostic. 

Fifteen patients underwent cardiac catheterization, and 
findings indicating prosthetic valve malfunction were 
seen in all. These findings included visualization of 
thrombus on the valve, documentation of valvular incom- 
petence, delineation of poor disc mobility, and an abnor- 
mally high transvalvular pressure gradient. 

Thus, the diagnosis of prosthetic valve thrombosis was 
made by cardiac catheterization in 15 patients, by echo- 
cardiography in 6 patients, and by cinefluoroscopy in 4 
patients. In the remaining 2 patients, valve exploration 
was undertaken because of strong clinical suspicion of 
valve malfunction in addition to findings on noninvasive 
studies that were suggestive but not diagnostic of valve 
thrombosis. 

The timing of reoperation depended on the clinical 
condition of the patient and the time necessary for estab- 
lishing the diagnosis of thrombotic obstruction of the 
prosthetic valve. The delay from hospital admission to 
operation was less than seven days for 16 patients, and 
the more seriously ill patients underwent operation 
within 24 hours after the diagnosis was established (Table 
4). A period greater than 1 week was necessary to make 
the diagnosis and proceed with operation in 5 patients. At 
reoperation, the obstructed valve was replaced in 20 
patients: a bioprosthesis was used in 10 and another 
mechanical valve, in 10 (Starr-Edwards ball-and-cage 
valve, 8 patients; Bjork-Shiley tilting-disc valve, 1 patient; 
Smeloff-Cutter ball-and-cage valve, 1 patient), Seven pa- 
tients had simple thrombectomy without valve replace- 
ment. Concomitant coronary artery bypass with saphen- 
ous vein grafts was performed in 1 patient. 

There were 3 deaths within 30 days after operation. 
One patient (patient 26) could not be weaned from car- 
diopulmonary bypass because of intractable biventricular 
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failure. Another patient (patient 14) who had been in 
cardiogenic shock preoperatively died 24 hours postoper- 
atively of progressive myocardial failure. The third patient 
sustained a cerebral embolism on postoperative day 9. 
This 41-year-old woman had previously undergone mitral 
valve replacement with a 3M Starr-Edwards ball valve and 
tricuspid valve replacement with a 3M Starr-Edwards disc 
valve. The thrombosed tricuspid valve was replaced with 
a 33-mm Hancock prosthesis, and the patient had a good 
hemodynamic result until the sudden embolism. 

Nonfatal complications occurred in 4 patients. Three 
required reexploration in the early postoperative period 
because of excessive hemorrhage, and a permanent trans- 
venous pacemaker was necessary in 1 of them because of 
postoperative complete heart block. Another patient had 
anoxic encephalopathy as a result of cardiac arrest imme- 
diately prior to operation. His postoperative course was 
complicated by aspiration pneumonia necessitating tra- 
cheostomy. 


Comment 


The reported incidence of Bjérk-Shiley valve thrombosis 
ranges from 1% to 8% [1-15]; thrombotic complications 
with other disc valves have not been defined as com- 
pletely. Patients with prosthetic aortic or mitral valve 
thrombosis can have dyspnea for one day to 1 week prior 
to presentation, with precipitous deterioration of hemo- 
dynamic function, usually within hours after hospital 
admission [9, 16, 17]. However, more recent reports [19 
20] reveal a rapid catastrophic symptomatic course asso- 
ciated with disc valve thrombosis with only an occasional 
longer prodrome. The most salient finding on clinical 
examination of these patients is the absence or attenua- 
tion of the prosthesis-related opening or closing sound. 
Nonspecific clinical findings include systolic and diastolic 
murmurs and hemolytic anemia. Inadequate systemic 
anticoagulation has been the single most important con- 
tributing factor to valve thrombosis [9, 17]. 

The important finding in this review was the chronicity 
of symptoms before presentation. Seventy percent of 
patients had clinical evidence of valve malfunction for 1 
week to 6 months prior to reoperation, although many 
patients had acute deterioration just before presentation. 
These results are especially pertinent for physicians who 
are responsible for the follow-up of patients with pros- 
thetic valves. Relatively minor symptoms, especially pul- 
monary congestion, should prompt a careful cardiac ex- 
amination to exclude the possibility of prosthetic valve 
thrombosis. 

Fluoroscopy (with cineradiography) and echocardiog- 
raphy have been used as adjunctive noninvasive diagnos- . 
tic procedures for the documentation of prosthetic valve 
thrombosis [9, 16, 17]. Fluoroscopy in 11 of our patients 
with thrombosed prosthetic valves resulted in a false- 
negative rate of 64%. Visualization of the disc by cinera- 
diographic and fluoroscopic techniques in two planes 
simultaneously has been shown to increase the accuracy 
of detecting disc valve malfunction [21]. Echocardiog- 
raphy had a 17% false-negative rate in the 18 patients 
evaluated; moreover, 50% of the patients had an indeter- 
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minate result on diagnostic echocardiographic study. 
With the combined application of echocardiography and 
Doppler studies in the evaluation of cisc valves, throm- 
botic obstruction of the prosthetic valve can be more easily 
discerned. 

Despite the small number of patients undergoing the 
studies, fluoroscopy and standard echocardiography ap- 
pear to be less sensitive diagnostic methods in ascertain- 
ing prosthetic disc valve thrombosis. Cardiac catheteriza- 
tion continues to be the standard diagnostic procedure in 
the evaluation of a patient who is in hemodynamically 
stable condition and is suspected of having prosthetic 
valve thrombosis [9]. 

This study included all forms of thrombosed prosthetic 
disc valves confirmed at operation. The specific type of 
valve is probably a reflection of the time course of this 
retrospective analysis. Unlike previous reports [17], in our 
series, half of the patients were documented to have had 
adequate anticoagulation at the time of presentation. 
However, occasional discontinuation of anticoagulant 
therapy at some time in the patient’s history may have 
been associated with a rebound hypercoagulable state, 
which has been reported to result in an increased rate of 
thromboembolic complications [22]. 

Surgical treatment of disc valve thrombosis includes 
both thrombectomy and replacement of the prosthetic 
valve [9, 20, 23-25]. In select circumstances of thrombosis 
of disc valves in the tricuspid position, thrombolytic 
therapy has been successful in restoring normal prosthetic 
function early [26, 27], but this approach would not be 
expected to affect fibrous ingrowth, which may be the 
underlying cause of valve thrombosis. 

The reported mortality from prosthetic valve thrombo- 
sis ranges from 33% to 100% [3, 5, 7-9, 11, 12]. With most 
patients (73%) having valve replacement or thrombec- 
tomy soon after admission, a mortality rate of 11% was 
noted in this study. This is close to the 8% mortality 
reported by Copans and associates [16] in patients who 
underwent operation four to six hours after admission. 

The clinical manifestations of prosthetic disc valve 
thrombosis are indolent, progressive, and protean; any 
patient with a mechanical heart valve, especially a tilting- 
disc prosthesis, who is seen with nonspecific cardiac 
symptoms should undergo a thorough evaluation to rule 
out the possibility of thrombotic obstruction of the pros- 
thesis. For most patients, early reoperation will give the 
best late results. In patients who are in stable condition 
preoperatively, operative mortality is low. 
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Notice From the Southern Thoracic Surgical Association 


The Thirty-sixth Annual Meeting of the Southern Thoracic 
Surgical Association will be held at the Phoenician Golf 
and Tennis Resort, Scottsdale, AZ, November 9-11, 1989. 
There will be a $155 registration fee for the Scientific 
Session for nonmember physicians except for guest 
speakers, authors and coauthors on the program, and 
residents. There will be a $50 registration fee for attendees 
of the Postgraduate Course, which will be held the 
morning of Thursday, November 9, 1989. The Postgrad- 
uate Course will provide in-depth coverage of thoracic 
surgical topics selected primarily as a means to enhance 


and broaden the knowledge of practicing thoracic and 
cardiac surgeons. 

Advance registration forms, hotel reservation cards, 
and details regarding transportation arrangements will be 
mailed to Association members. Nonmembers should 
write to the Secretary-Treasurer, Gordon F. Murray, MD. 


Gordon F. Murray, MD 
Secretary-Treasurer 

Southern Thoracic Surgical Association 
111 East Wacker Drive i 
Chicago, IL 60601 


Thoracoscopy: A Review of 121 Consecutive 


Surgical Procedures 
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Regional Adult Cardio-Thoracic Unit, Broadgreen Hospital, Liverpool, United Kingdom 


The records of 121 patients who underwent surgical 
thoracoscopy between 1976 and 1987 were reviewed. The 
indications for thoracoscopy were pleural effusion (88%), 
pleural thickening (7.4%), and a mass on the chest 
roentgeriogram (15%). All procedures -were performed 
under general anesthesia with a rigid thoracoscope and 
91 patients (75%) were diagnosed as having a malignant 
process. Although thoracotomy was undertaken in 20 
patients (16.5%), no patient with benign disease under- 


horacoscopy is a well- defined technique of proven 

value in the investigation, diagnosis, and staging of 
intrathoracic disease. Following initial diagnostic applica- 
tions, it was introduced into clinical practice as a thera- 
peutic procedure for the division of apical pleural adhe- 
sions in collapse therapy for pulmonary tuberculosis 
(apical pneumonolysis) [1]. After the introduction of suc- 
cessful antituberculosis chemotherapy, the number of 
thoracoscopies performed declined. 

Recently there has been a renewed interest in thoracos- 
copy with local anesthesia [2]. We reviewed the records of 
121 consecutive patients undergoing thoracoscopy under 
the care of one surgeon, and consider its indications and 
results. 


Material and Methods 

Patient Population 

The case records of 121 consecutive patients who under- 
went thoracoscopy under the care of one thoracic surgeon 
(R.J.D.) in the 10-year period 1976 to 1987 were examined. 
There were 99 men (82%) and 22 women (18%) with a 
mean age of 58.1 years (range, 24 to 77 years). The 
indications for thoracoscopy were undiagnosed pleural 
effusion, pleural thickening, and further investigation of 4 
peripheral mass- visible on the chest roentgenogram. 
Nearly all the patients had undergone prior pleural aspi- 
ration and biopsy with inconclusive results. 

The presenting symptoms in the 121 patients were the 
following: dyspnea on exertion, 94 patients (78%); chest 
pain, 64 (53%); cough, 36 (30%); and hoarseness, 4 (3%). 
Some patients had more than one presenting symptom. 
Chest roentgenograms revealed a pleural effusion in 88% 


of the patients (107 patients), pleural thickening in 7.4% (9 
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went diagnostic thoracotomy. Thoracoscopy had a 98.9% 

sensitivity and a 93.3% specificity in this series. One 

patient died of a myocardial infarction after the proce- . 
dure, and 11 patients (9.1%) had other, predominantly 

respiratory, complications. We confirm that surgical tho- 

racoscopy is a useful procedure in the diagnosis of 

pleural processes. 


(Ann Thorac Surg 1989;48:66-8) 


patients), and a solid mass in 15% (18 patients). The 
majority of these last patients were seen at the beginning 
of the series when the technique was used as a staging 
procedure in bronchial carcinoma. 


Operative Technique 

During general anesthesia with full relaxation, a double- 
lumen endobronchial tube (Robertshaw) was introduced. 
The patient was then positioned for a formal lateral 
thoracotomy, prepared, and draped. The ipsilateral lung 
was not ventilated. The site of the effusion was confirmed 
using a syringe and needle, and a cytological specimen 
was obtained: Through a single stab incision, a trocar was 
introduced. 

Any further pleural effusion was drained and air was 
introduced into the pleural cavity, thus allowing nonad- 
herent lung to collapse. With a rigid thoracoscope (model 
D-7200; Karl Storz KG, Tuttlingen, West Germany), both 
visceral and parietal pleural surfaces were carefully in- 
spected. If necessary, another stab incision was made and 
another trocar introduced. A sucker or probe could be 
passed through this to manipulate the lung and improve 
the view. Biopsy specimens were obtained of any suspi- 
cious areas. 

If later thoracotomy was thought not to be indicated, 
chemical pleurodesis with either tetracycline (1 g in 50 mL 
of saline solution) or a cytotoxic agent (bleomycin sulfate 
in 3 patients and cyclophosphamide in 1 patient) was 
performed. After the trocar was removed, a single 28F 
intercostal drain was introduced through the initial stab 
incision, and the lung was reinflated. . 


Results 


Examinations ‘were performed on the right side in 63 
patients (52%) and on the left in 58 (48%). One hundred 
seven patients had pleural effusions, 50% of which were 
blood stained. 
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The results of thoracoscopy for the malignant and 
nonmalignant disease groups are shown in Tables 1 and 
2. In Table 1, the final diagnosis includes information 
available from follow-up thoracotomy and postmortem 
examination. A false-negative result indicates failure to 
diagnose malignancy at thoracoscopy, although malig- 
nant tumor was subsequently diagnosed. Conversely, a 
false-positive result indicates an incorrect diagnosis of 
malignancy when none was present. The predictive value 
[3] of this “thoracoscopy-aided diagnosis,” which in- 
cludes data gained from clinical features, radiological 
findings, macroscopic appearances at thoracoscopy, and 
histological results, was as follows: sensitivity, 98.9%; 
specificity, 93.3%; accuracy, 97.5%; predictive value of a 


positive test, 97.8%; and predictive value of a negative 


test, 96.5%. 

Twenty patients (16.5%) had thoracotomy. In 6 pa- 
tients, thoracoscopy was unsuccessful because of failure 
to enter the pleural cavity on account of the depth of the 
thickened parietal pleura. Five of these patients immedi- 
ately underwent a limited thoracotomy for diagnosis. A 
further 15 thoracotomies were subsequently performed: 
three for further evaluation of tumor extension, 11 for 
pleurectomy or decortication, and one for lobar resection. 

One patient died after the procedure. He had extensive 
coronary artery disease and sustained a fatal myocardial 
infarction seven hours after the procedure. 

Morbid complications of the procedure occurred in 11 
patients (9.1%). Respiratory complications developed in 4 
patients (3.3%), 2 of whom required intensive care and 
mechanical ventilation for up to 48 hours. Both made a 
good recovery and were discharged home. There were 
four persistent air leaks, all of which sealed with conserv- 
ative management between 1 and 2 weeks after thoracos- 
copy. None of the 4 patients had undergone a lung 
biopsy. 

One patient (0.8%) with a vascular undifferentiated 
carcinoma bled from the pleural biopsy site and required 
transfusion with 3 units of blood. Tumor seeding at the 
chest wall incision occurred in 2 patients (1.7%) with 
mesothelioma some months after thoracoscopy. At that 
time, these patients also had further evidence of meta- 
static spread of disease. 


Table 1. Results of Tnoracoscopy in Malignant Conditions" 


Histology False- 
SS a Negative 
Final Diagnosis Positive Negative Failed Total Result 
Mesothelioma 21 14 0 35 1 
Adenocarcinoma 16 0 0 16 0 
Undifferentiated 25 8 1 34 0 
carcinoma 
Squamous 0 0 2 2 0 
carcinoma 
Others 2 0 1 3 0 
Total 64 22 4 90 1 


a See Results section for details. 
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Table 2. Results of Thoracoscopy in Nonmalignant 
Conditions 


False- 
Positive 
No. of © Results for 
Clinical Finding Diagnosis Patients Malignancy 
Effusion Rheumatoid 2 0 
Hemothorax 1 0 
Meigs’ syndrome 1 
Cardiac failure 1 0 
Tuberculosis 1 0 
Idiopathic 8 0 
Postpneumonic 6 2 
Fibrosis Idiopathic 7 0 
Mass on chest Fibroma 2 0 
roentgenogram Aneurysm 1 0 
Total 30 2 
Comment 


Thoracoscopy has found many applications, both diag- 
nostic [4-9] and therapeutic [10], since it was described by 
Jacobeus in 1910 [11]. In our experience, it was first used 
as a staging procedure for patients with bronchial carci- 
noma with an effusion to avoid unnecessary thoracotomy 
in those with inoperable pleural involvement. However, 
in the majority of patients, thoracoscopy has been used 
for the further investigation of undiagnosed pleural effu- 
sions and thickening. 

Thoracoscopy usually followed unhelpful bronchos- 
copy and pleural aspiration and biopsy performed in 
other medical units in the region. Thus, our group of 
patients was select and is not representative of all patients 
seen with pleural effusion or thickening. This may explain 
the high rate of malignancy in our series, 75% or 91 of 121 
patients. 

Adenocarcinoma, whether primary or secondary, was 
histologically correctly diagnosed in all patients. How- 
ever, other tumors were less easily diagnosed. Combining 
other information with thoracoscopic appearances and 
histology, we correctly diagnosed all the malignant tu- 
mors in the series except one. This single false-negative 
finding was in a patient who had minor pleural thickening 
on chest roentgenograms and benign appearances at 
thoracoscopy. Biopsy specimens obtained at that time 
showed nonspecific inflammation. This initial impression 
proved to be incorrect; 6 months later, tumor seeding 
developed at the incision, and the biopsy specimen dem- 
onstrated mesothelioma. Thirty-four of the 35 cases of 
mesothelioma were correctly diagnosed by visual impres- 
sion at thoracoscopy, although the positive-histology bi- 
opsy rate was low (60%), possibly reflecting the difficulty 
of histological diagnosis of this condition. Forty-seven 
percent of patients who gave a history of asbestos expo- 
sure were eventually diagnosed as having mesothelioma. 

With the nonmalignant conditions, we again found that 
thoracoscopy was useful in excluding malignant tumors. 
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There were 2 patients in this group who were initially 
thought to have malignancy at thoracoscopy (false- 
positive result). Neither patient underwent thoracotomy, 
and both patients were well on follow-up. In\his extensive 
` review of thoracoscopy, Bloomberg [12] noted that normal 
findings in the absence of malignancy constitute a positive 
result from the procedure, and are more important in 
some cases than the results of biopsy if thoracotomy can 
be subsequently avoided for the diagnosis of benign 
disease. In none of our patients was thoracotomy per- 
formed for the diagnosis of benign disease. 

There were three serious complications of the proce- 
dure in our 121 patients. The patient who died and the 2 
who required ventilation are evidence that thoracoscopy 
is not without risk in sick patients. 

We did not find the other complications of air leak and 
tumor seeding to be major problems. All air leaks resolved 
with conservative management, ‘and although visceral 
pleural biopsies were not carried out in any of these 
patients, we believe this can safely be performed if indi- 
cated. Only 2 cases of tumor seeding occurred, and 
because the patients were asymptomatic, we did not think 
that prophylactic radiotherapy to the stab incision site was 
indicated, as recommended by some groups [13]. 

Bleeding necessitating transfusion occurred in only 1 
patient. He did not undergo thoracotomy because the 
tumor was widely disseminated over the chest wall. 
However, we believe the complications that do occur with 
thoracoscopy are best dealt with by surgeons who are 
familiar with the management of persistent air leak and 
intrathoracic hemorrhage. 

Various instruments have been suggested for thoracos- 
copy including the sigmoidoscope, laparoscope, and me- 
diastinoscope [5, 14, 15]. The fiberoptic bronchoscope has 
been advocated by some groups [2, 16] and has attractions 
for physicians when the procedure can be carried out 
under local anesthesia with comparable diagnostic accu- 
racy. Others [6, 17] have recommended regional anesthe- 
sia. We employ general anesthesia and find it most useful 
when combined with the use of a double-lumen tube, 
which allows the lung to completely collapse and permits 
a more thorough inspection of the thoracic cavity. It is also 
possible to perform immediate thoracotomy if a compli- 
cation occurs or if safe insertion of the trocar and cannula 
cannot be achieved and histological results cannot other- 
wise be obtained. 

The size of the incision for thoracoscopy varies from 1 
cm to admit only a trocar and cannula (as in this series) to 
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a larger incision up to 5 cm (as in some reports) [14]. We 
do not find such wider exposure to be necessary. 

Our success rate is comparable with that in other 
reported series [2], and the use of thoracoscopy in con- 
junction with other diagnostic aids has been shown to be 
of considerable value. 

In conclusion, we have found surgical thoracoscopy to 
be an accurate, sensitive, and specific investigation useful 
in the diagnosis of malignant and nonmalignant intratho- 
racic disease without the need for diagnostic thoracot- 
omy. 
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Ten patients underwent mitral valve re-replacement for 
the third to sixth time through a right thoracotomy using 
one-lung anesthesia, femorofemoral bypass, profound 
systemic hypothermia, and low-flow perfusion without 
aortic cross-clamping or cardioplegia. The indications for 
this approach were previous mediastinitis, severe right 
ventricular hypertension with multiple previous sternot- 
omies, intact coronary artery bypass graft, or previous 


number of patients requiring multiple (three or 
more) re-replacement of the mitral valve for dys- 
functional prosthetic and bioprosthetic valves [1-4] have 
had previous mediastinal infections or other wound- 
healing complications, severe right ventricular hyperten- 
sion, or multiple previous sternotomies for other cardiac 
operations such as aortic valve replacement or coronary 
artery bypass grafting. The risk of multiple valve re- 
replacement operations may be higher than primary or 
_ first-time re-replacement, especially if the patient is in 
functional class IV [5-7]. The morbidity is often due to the 
repeat sternotomy with injuries to the right ventricle 
[8-9], prolongation of the operation with increased blood 
loss, and difficult exposure because of intense adhesions 
and fibrosis of cardiac structures. Though all primary and 
the vast majority of secondary valve operations are per- 
formed through a median sternotomy in our clinic, we 
report here a technique that combines a thoracotomy with 
perfusion techniques and results in better exposure of the 
mitral valve and reduced morbidity after multiple mitral 
valve re-replacements. 


Material and Methods 


Patient Population 

In a 24-month period, 10 patients underwent mitral valve 
re-replacement through one approach for the third to 
sixth time. Patient data are summarized in Table 1. There 
were 6 women and 4 men ranging in age from 25 to 66 
years (mean age, 50 years). The previous number of 
operations ranged from 2 through 5, all performed 
through a sternotomy. The mean functional class was 3.8. 
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aortic valve replacement. There was 1 operative death, 
which was due to end-stage pulmonary hypertension and 
intractable right heart failure. Blood loss was minimal, 
and there was no major postoperative morbidity in the 9 
surviving patients except for supraventricular arrhyth- 
mias. 


(Ann Thorac Surg 1989;48:69-71) 


The original etiology was rheumatic heart disease in 7, 
coronary artery disease in 2, and congenital heart disease 
in 1. 


Operative Technique 


A right anterolateral thoracotomy was made through the 
fourth intercostal space (after one-lung anesthesia was 
performed with a divided endotracheal tube). The peri- 
cardium was identified and an incision made superior to 
the phrenic nerve. The left atrium and right atrium were 
exposed by reflecting the pericardium (Figs 1A, B). In all 
patients, femorofemoral bypass was instituted through 
the right groin vessels with a long inferior vena cava 
cannula and an arterial infusion cannula. An additional 
right atrial cannula (into the superior vena cava) can be 
placed for more complete drainage of the systemic venous 
return. The aortic root was not dissected out in any 
patient, nor was the aorta cross-clamped or cardioplegia 
administered. 

The patient was placed on cardiopulmonary bypass and 
cooled to 20°C. If there is any aortic regurgitation (which 
was present to a minimal degree in 3 patients), the flow 
during valve replacement can be lowered to 200 mL/min 
for short periods if regurgitant blood obscures the opera- 
tive field. In all patients, the mitral valve was exposed 
with relative ease through a left atrial incision made above 
the right superior pulmonary vein, removed, and re- 
placed with a St. Jude valve using interrupted pledgeted 
mattress sutures of 2-0 Ethibond (Figs 1C, D). The pros- 
thetic valve was aligned perpendicular to the horizontal 
axis of the mitral valve. After the valve was seated, a 
red-rubber catheter (10F) was inserted through the open 
leaflets into the left ventricle to keep one leaflet insuffi- 
cient (Figs 1E, F). 

The patient was then positioned in a slightly head- 
down, leftward position so that the left atrium was the 


0003-4975/89/$3.50 


70 COHN ET AL 
RIGHT THORACOTOMY FOR MVR 


Table 1. Summary of Patient Data 


Patient 
No. 


wm 
D 
x 


Original Diagnosis 


Congenital heart disease 
Rheumatic heart disease 
Rheumatic heart disease 
Coronary artery disease 
Rheumatic heart disease 
Rheumatic heart disease 
Coronary artery disease 
Rheumatic heart disease 


w oN AaB WN e 


Rheumatic heart disease 


ARREQNRRRERKRY 
zmz zwy 


m 
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Rheumatic heart disease 


AVR = aortic valve replacement; 


most superior aspect of the left heart. The left atrium was 
closed with running 3-0 Prolene sutures, and the heart 
was externally defibrillated using previously placed exter- 
nal defibrillator electrodes. In three instances, patients 
spontaneously defibrillated with rewarming. 






o 
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No. of Previous 


Operative Diagnosis Operations 
Degenerated bioprosthetic valve 4 
Degenerated bioprosthetic valve 2 


Degenerated bioprosthetic valve 2 (Previous mediastinitis) 


Degenerated bioprosthetic valve 2 (CABG, patent) 


Degenerated bioprosthetic valve 5 
Degenerated bioprosthetic valve 4 
Degenerated bioprosthetic valve 3 (CABG, patent} 
Paravalvular leak 2 
Degenerated bioprosthetic valve 3 


New mitral stenosis 2 (Previous AVR) 


CABG = coronary artery bypass grafting. 


Once the patient reached normal temperature, partial 
bypass was begun with the interruption of one of the 
caval cannulas. As the heart filled, blood and air were 
ejected through the red-rubber catheter from the left 
ventricle and the left atrial incision. Because the mitral 





Fig 1. (A) Anterior right thoracotomy is made in the fifth intercos- 
tal space. Perfusion line is placed in the right groin. (B) Venous 
cannulas, widely separated, are placed in the superior vena cava 
(SVC) and inferior vena cava (IVC). (C) The old valve is visualized 
and excised in the usual fashion. (D) Interrupted pledgeted mattress 
sutures are placed in an everting fashion and then through the pros- 
thetic valve. (E) The valve is in place, and the patient is positioned 
so that the left atrium is uppermost. (F) A red-rubber catheter has 
been placed through the valve leaflet to keep it insufficient to evacu- 
ate intracardiac air. (FA = femoral artery.) 
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valve could not close, there was no substantial forward 
flow until the catheter was removed. Finally, the patient 
was weaned from bypass with both lungs inflated and 
ventilated. After all air was removed, the final stitch in the 
left atrial suture line was closed and the patient was 
weaned totally from cardiopulmonary bypass. Bypass 
times ranged from 75 to 100 minutes (mean time, 90 
minutes). Left and right atrial lines and right ventricular 
pacing wires were placed, chest tubes were placed in the 
right chest, and the chest was closed in the usual fashion. 


Results 


Nine of the 10 patients survived the operation. One 
patient died of severe pulmonary hypertension from 
end-stage pulmonary artery disease and right heart failure 
intraoperatively. In no patient was there any sign of 
central nervous system dysfunction, a finding that would 
suggest incomplete evacuation of air. Postoperatively 4 
patients had supraventricular tachycardias, which were 
treated medically. The 9 survivors are well 2 to 22 months 
postoperatively. The 2 with bypass grafts from previous 
operations had no evidence of myocardial ischemia. 


Comment 


A thoracotomy was used in the 1940s, 1950s, and 1960s for 
both closed and open mitral valve operations [10, 11]. 
Median sternotomy became the incision of choice for 
open-heart surgical procedures in the late 1960s because it 
was recognized that intracardiac air was more completely 
removed. Also, any anatomical variant was clearly dem- 
onstrated to be better handled by this incision than from 
either side, and myocardial protection was much better 
implemented through the ascending aorta. 

Patients undergoing the third to sixth valve re- 
replacement, however, require some special consider- 
ations. They have very severe adhesions around the 
heart, thus making bleeding a serious problem and mak- 
ing anatomical access to the very scarred and densely 
adherent left atrium difficult. The right thoracotomy ap- 
proach is associated with minimal blood loss postopera- 
tively and affords better exposure to the left atrium in 
these high-risk patients with a difficult anatomy. 

The fact that the aorta is not exposed and there is no 
aortic vent and no cardioplegia is controversial. Many 
have used ventricular fibrillation and no cardioplegia for 
many years in all types of operations, but overall, car- 
dioplegia has clearly been enormously beneficial. Car- 
dioplegia does afford better overall myocardial protection, 
but in this particular situation, profound hypothermia 
with low-flow blood perfusion is a quite satisfactory 
alternative, as most of these patients had no concomitant 
coronary artery disease. If they did, it had been com- 
pletely corrected. With low perfusion flow and profound 
systemic hypothermia, myocardial protection has been 
excellent in this particular subset of patients. Low-flow 
cold blood perfusion of coronary arteries produces com- 
plete standstill of the heart at these temperatures. If other 
operative procedures such as coronary bypass grafting or 
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aortic valve replacement need to be done, this approach is 
not feasible. Tricuspid valve replacement, however, is 
quite possible through this approach and was accom- 
plished in 1 patient (patient 5). 

Prevention of air embolism is a major concern, but with 
the positioning of the patient and by making the new 
mitral valve incompetent, residual air in the left ventricle 
should rise through the vent and the left atrial incision. 
Because there is no interruption of aortic flow, there is no 
air collecting in the ascending aorta unless flow is com- 
pletely interrupted, which is not done. If the aortic valve 
is slightly insufficient, this helps fill the ventricle and 
express air from the most superior portion of the incision, 
in this case, the anterolateral aspect of the left atrium. 

This approach has been described for reoperations on 
the mitral valve in patients who have had prior mitral 
valve replacement plus repair of other lesions. In a series 
reported by Berreklouw and Alfieri [12], aortic clamping 
and cardioplegia were used, and all patients survived 
without major postoperative morbidity except right pleu- 
ral effusions. 

In select situations in patients with mitral valve disease, 
the operative approach presented here has been helpful. 
For patients with isolated mitral valve disease who require 
mitral valve re-replacement for the third time (or more) or 
for patients with patent bypass grafts or sternotomy 
complications, this approach should be considered. 
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Cardiopulmonary bypass is widely believed to be inju- 
rious to renal function. The low incidence of renal 
dysfunction with modern techniques of bypass led us to 
reexamine this concept by monitoring urine output and 
creatinine clearance in 18 adult patients undergoing 
nonpulsatile, hemodilution cardiopulmonary bypass for 
coronary artery bypass grafting (12 patients) or valve 
procedures (6 patients). Samples were taken before, 
during (mean. duration of bypass, 105 + 26 minutes [+ 
standard deviation]), and every two hours after bypass 
for 24 hours. Urine output (42 + 37.7 mL/h) and creati- 
nine clearance (57 + 40.4 mL/min) were surprisingly low 
in the period before cardiopulmonary bypass (all values 
normalized to a body surface area of 1.73 mř). Urine 
volumes rose to 305 + 149.6 mL/h and creatinine clear- 
ance to 252 + 176.9 mL/min during bypass and decreased 


ardiopulmonary bypass has long been thought to 

have deleterious effects on renal function [1]. This 
impression was supported by both clinical and experi- 
mental studies in the first two decades of open heart 
surgery [2-7]. Many of the patients had congestive heart 
failure and persistent low cardiac output. Techniques of 
anesthesia and cardiopulmonary bypass were different, 
including blood primes, longer pump runs, and methods 
of fluid and drug management. This early experience, 
however, may no longer be applicable to today’s patients; 
postoperative renal failure and renal dysfunction are now 
uncommon. The present clinical study was undertaken to 
examine serial changes in renal function before, during, 
and after cardiopulmonary bypass. 


Material and Methods 


The study group consisted of 18 adult patients, 10 men 
and 8 women, with a mean age of 64.9 + 11.5 years (+ 
standard deviation) (range, 28 to 80 years). Twelve pa- 
tients were scheduled to undergo coronary artery bypass 
grafting; 3, mitral valve replacement or commissurotomy; 
and 3, aortic valve replacement. The first patient in the 
morning in one operating room was chosen for conve- 
nience and to standardize the time that the patient had 
been without oral intake. The study protocol was ap- 
proved by the Human Subjects Review Committee on 
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to stable values after eight hours in the postoperative 
unit (urine output, ~60 mL/h, and creatinine clearance, 
~75 mL/min). Renal dysfunction did not develop in any 
patient. Nine patients who required loop diuretics for 
low urine output 18 hours postoperatively had a sus- 
tained increase in both urine output and creatinine 
clearance lasting up to six hours. We conclude the fol- 
lowing: modern techniques of cardiopulmonary bypass 
are not injurious to renal function; urine output and 
creatinine clearance are decreased before cardiopulmo- 
nary bypass, probably because of preoperative dehydra- 
tion; and loop diuretics in the postoperative period 
increase both urine output and creatinine clearance for as 
long as six hours after administration. 


(Ann Thorac Surg 1989;48:72-6) 


November 16, 1987, and informed consent was obtained 
from all patients. 

There were 14 study intervals: before cardiopulmonary 
bypass, ie, from the time of insertion of the Foley catheter 
until the start of cardiopulmonary bypass; bypass, ie, the 
entire period of cardiopulmonary bypass; and every two 
hours after the arrival of the patient in the postoperative 
unit for 24 hours. 


Sample Collection 


Blood specimens were collected in the operating room 
before induction of anesthesia, 15 minutes after the start 
of cardiopulmonary bypass, and every two hours after 
arrival in the postoperative unit for 24 hours. Urine 
specimens were collected after insertion of the Foley 
catheter; the contents of the bladder at the time of 
insertion were discarded. The first collection period was 
from insertion of the urinary catheter until the start of 
cardiopulmonary bypass. The second included the entire 


. period of cardiopulmonary bypass. Subsequent urine 


collections were made every two hours after arrival in the 
postoperative unit. Ten-milliliter aliquots of urine were 
collected in tubes containing 100 mg of boric acid (as a 
preservative) and stored in a refrigerator until analysis. 
Urine volume was measured by an electronic collection 
system (C.R. Bard, Inc, Covington, GA), which automat- 
ically records urine volume and time. 


Laboratory Methods 


Urine and serum creatinine values were determined with 
a commercial reagent kit (Sterling Biochemical, Inc, Troy, 
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Fig 1. Urine output in all patients. Starting at 18 
hours, 9 of the 18 patients were given diuretics for 
urine output of less than 40 mL/h. (BSA = body sur- 
face area; Pre CPB = time from insertion of Foley 
catheter to start of cardiopulmonary bypass; CPB = 
entire period of cardiopulmonary bypass; 2 HR, etc = 
two hours after arrival in postoperative unit, etc; er- 
ror bars = + one standard error.) 
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MI), which uses a modification of the method of Heine- 
gard and Tiderstrom [8]. Blood was allowed to clot and 
centrifuged at 2,000 rpm for 15 minutes; the serum was 
separated immediately. Analyses were performed on 
fresh sera after collection (or the sera were stored at —70°C 
for up to a week) because of the lability of creatinine. The 
between-run precision of this method is +5% for creati- 
nine values between 0 and 15 mL/dL (n = 20). 


Creatinine Clearance 


Creatinine clearance was determined by the standard 
formula: creatinine clearance (mL/min) = (urine creatinine 
concentration [mg/mL] x urine volume [mL/min])/plasma 
creatinine concentration (mg/mL). The serum creatinine 
level at the start of each period was used to determine the 
creatinine clearance during that period. This value was 
used, rather than the average of the creatinine values 
surrounding each period, to avoid a possible error that 
might be introduced by hemodilution if the sample taken 
during cardiopulmcnary bypass were averaged with the 
specimen obtained before cardiopulmonary bypass. It 
was found that using the average of the creatinine levels 
at the beginning and end of each period had no apprecia- 
ble effect on the calculated creatinine clearances. All 
creatinine clearances and urine outputs were normalized 
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for a standard body surface area of 1.73 m”. The preoper- 
ative creatinine value averaged 1.2 + 0.33 mg/dL (range, 
0.6 to 2.1 mg/dL). 


Cardiopulmonary Bypass 


Cardiopulmonary bypass equipment consisted of a Cobe/ 
Stéckert roller pump (Cobe, Lakewood, CO), a Bentley 
(American Bentley, Irvine, CA) or Sarns (Sarns, Ann 
Arbor, MI) hollow-fiber membrane oxygenator, and Bent- 
ley prebypass and Pall (Pall, East Hills, NY) arterial line 
filters. A crystalloid prime was used, consisting of 1,000 
mL of 6% hetastarch in 0.9% saline solution, 700 to 1,200 
mL of Plasmalyte-A (Travenol, Deerfield, IL), 12.5 g of 
mannitol, 1 g of methylprednisolone, and 4,000 U of 
heparin, to obtain hemodilution to a hematocrit of ap- 
proximately 26%. Flow was maintained at 2.2 to 2.8 
L/min/m? at a temperature of 28°C during the period of 
cross-clamping; the patient was warmed to 37°C thereaf- 
ter. The mean time of cardiopulmonary bypass was 104.9 
+ 26.1 minutes (range, 59 to 157 minutes). 


Anesthesia Technique 

Standard techniques were used. Fentanyl (70 to 75 pg/kg) 
or sufentanil citrate (7 to 8.5 g/kg) were given intrave- 
nously for anesthesia, vecuronium bromide was adminis- 


Fig 2. Urine output for the 9 patients who required 
diuretics in the postoperative period. (Abbreviations 
are the same as in Figure 1.) 
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Fig 3. Urine output for the 9 patients who did not 400 
require diuretics postoperatively. Note the small stan- 
dard errors starting at 8 hours. (Abbreviations are the 
same as in Figure 1.) - 300 
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tered intravenously for muscle relaxation, and midazolam 
hydrochloride, for amnesia. 


Diuretics 

If urine output dropped to less than 40 mL/h in the 
` postoperative period, furosemide (8 patients) or bumet- 
anide (1 patient) was administered intravenously. No 
patients were given these diuretics intraoperatively. 


Results 


Urine output (normalized to a body surface area of 1.73 
mĉ) is illustrated in Figure 1. The urine output before 
cardiopulmonary bypass was surprisingly low, with a 
median of 33 mL/h and with one third of the patients 
having an output of less than 18 mL/h. Urine output 
during cardiopulmonary bypass was extremely high, av- 
eraging 306 mL/h. This diuresis was maintained well into 
the postoperative period, averaging 264 mL/h at two 
hours and 220 mL/h at four hours in the postoperative 
unit. Thereafter, urine outputs decreased to 50 to 60 mL/h 
until 18 to 22 hours, when 9 of the 18 patients required 
diuretics for urine output less than 40 mL/h (actual value, 
not correctec for body surface area). The effect of diuretics 


urine outputs of patients who did not require diuretics 
and those who did are displayed separately. The effect of 
the diuretics lasted for four to six hours. 

The creatinine clearances closely paralleled the urine 
outputs and are shown in Figures 4 through 6. Prior to 
bypass, the mean creatinine clearance was 57 + 40.4 
mL/min (+ standard deviation) (normalized to a body 
surface. area of 1.73 m?) it increased to 252 + 176.9 
mL/min during cardiopulmonary bypass and remained 
higher than 170 mL/min for at least four hours in the 
postoperative unit. Patients who were given diuretics 
after 16 hours in the postoperative unit experienced 
increases in creatinine clearance, which lasted as long as 
six hours (increasing from 62 + 28.0 mL/min before the 
diuretic to as high as 160 + 114.8 mL/min at 22 hours in 
the postoperative unit). In no patient did renal dysfunc- 
tion, persistent oliguria, or elevated serum creatinine 
levels (higher than the preoperative levels) develop. 


Comment 


Renal dysfunction was once common after cardiopulmo- 
nary bypass, occurring in 8% to 44% of patients, with 
frank renal failure in 2% to 13.5% during the 1960s and 
1970s [1-7]. Clinical and laboratory studies from that era 


at these times can be seen in Figures 2 and 3 in which 


Fig 4. Creatinine clearance for the entire group. (Ab- 400 
breviations are the same as in Figure 1.) 
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Fig 5. Creatinine clearance for the 9 patients requir- 
ing diuretics postoperatively. Creatinine clearance 
parallels urine output. (Abbreviations are the same as 
in Figure 1.) 
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confirmed the injurious effects of cardiopulmonary by- 
pass on renal function [2-7, 9, 10]. However, the circum- 
stances of cardiac surgery in its first two decades were 
much different from those of today. In the earlier experi- 
ence, more patients underwent operation for valvular 
disease, many of whom had preexisting renal dysfunc- 
tion, congestive heart failure, and low cardiac output. In 
addition, the techniques of anesthesia and cardiopulmo- 
nary bypass have changed: blood primes have been 
replaced by hemodilution, pump runs are shorter, and 
oxygenators have been improved. The fact that renal 
dysfunction and renal failure are now uncommon led us 
to examine, in serial fashion, changes in renal function 
before, during, and after cardiopulmonary bypass to see if 
earlier assumptions are still valid. 

Mielke and colleagues [4], in a study published in 1966, 
found that 8 patients undergoing closure of an atrial 
septal defect all experienced anuria during the first half of 
cardiopulmonary bypass, with an abrupt increase to a 
mean urine output of 166 mL/h/1.73 m? (hemodilution) 
and 71 mL/h/1.73 m? (blood prime) during the latter 
portion of bypass. They concluded that the higher urine 
output in the hemodilution group resulted from an os- 
motic diuresis, which was thought to protect renal tubular 


integrity. 





Porter and co-workers [2], in a study also published in 
1966, studied 27 patients undergoing valve replacement. 
The creatinine clearances obtained during cardiopulmo- 
nary bypass were spuriously high. When the urine collec- 
tions were fractionated into 30-minute intervals during 
cardiopulmonary bypass, the spuriously high clearance 
rates were traced to the first period. The authors thought 
that tubular secretion of creatinine continued indepen- 
dent of tubular flow rate, thus creating a tubular reservoir 
of creatinine that was available for excretion following the 
transition from low urine output before bypass to high 
urine output during cardiopulmonary bypass. This creat- 
inine pool was exhausted within 30 minutes, after which 
time the urine to plasma creatinine ratios paralleled those 
for inulin and mannitol. 

These findings are relevant to the present study in 
which the creatinine clearances (normalized to a body 
surface area of 1.73 m°) during cardiopulmonary bypass 
averaged 252 mL/min, which may have been spuriously 
high. However, the fact that the tubular pool of creatinine 
is exhausted in 30 minutes indicates that our finding of 
high mean clearances after two and four hours in the 
postoperative unit (174 mL/min and 188 mL/min, respec- 
tively) was not artifactual and did, in fact, represent a 
sustained improvement in renal function. 





400 Fig 6. Creatinine clearance for the 9 patients who did 
not require diuretics. (Abbreviations are the same as 
in Figure 1.) 
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In a 1974 study of the effect of diuretics on renal 
hemodynamics in dogs, Engelman and co-workers [9] 
found that renal cortical flow decreased with or without a 
diuretic, but with furosemide, the decrease was signifi- 
cantly less. In 8 of 10 dogs in the nondiuretic group, renal 
cortical flow decreased to unmeasurable levels by 90 
minutes. In the present study, furosemide was not used 
during cardiopulmonary bypass, but there were no in- 
stances of oliguria or decreased creatinine clearance. On 
the contrary, a sustained diuresis and improved creati- 
nine clearance were present in every patient. 

In a clinical study from 1976, Nuutinen and Hollmén [3] 
found that prophylactic use of furosemide improved renal 
function during prolonged cardiopulmonary bypass. 
However, it should be noted that they used a blood 
prime. Utley [1] proposed that hemodilution is probably 
the most important factor during cardiopulmonary bypass 
in protecting against renal damage. Hemodilution primes 
are now standard technique. 

` We used mannitol in our pump prime, but its contribu- 
tion to improved renal function is uncertain. Yeboah and 
colleagues [6] thought that mannitol and furosemide, 
separately or together in a blood prime, had no influence 
on the incidence of renal failure in their patients. Utley 
and co-workers [10] stated that the effect of mannitol on 
glomerular and tubular function is nct significant in the 
presence of hemodilution and hypothermic cardiopulmo- 
nary bypass. 

In the postoperative period, furosemide and bumet- 
anide proved to be effective in improving both urine 
output and creatinine clearance: patients given either of 
these diuretics after 18 hours in the postoperative unit had 
a sustained improvement in both urine output and creat- 
inine clearance lasting four to six hours. This sustained 
improvement over several collection periods appears to 
rule out a tubular reservoir of creatinine as a cause of a 
spuriously high creatinine clearance. ; 

In the late 1970s, there was considerable interest in 
improving renal function by providing pulsatile flow 
during carciopulmonary bypass [11]. In the present 
study, renal function was well maintained despite use of 
a nonpulsatile system. It appears that present-day tech- 
niques of cardiopulmonary bypass preserve renal func- 
tion without the addition of pulsatile perfusion. 

One cause for concern is the low urine outputs noted in 
the operating room before cardiopulmonary bypass. In all 
likelihood, these low outputs were the result of preoper- 
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ative dehydration. In patients with borderline renal func- 
tion or in diabetics, it may be advisable to maintain 
intravenous hydration for the night before operation. 
Contrary to previous experience, the present study 
indicates that modern techniques of cardiopulmonary 
bypass are not injurious to renal function. A sustained 
improvement in both urine output and creatinine clear- 
ance can be expected following cardiopulmonary bypass. 
Diuretics in the postoperative period improve both urine 
output and creatinine clearance for four to six hours. Low 
urine output just before operation is common and is 
probably the result of preoperative dehydration, which 
should be avoided in patients with borderline renal func- _ 
tion. 
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Forty consecutive patients undergoing myocardial revas- 
cularization were divided into two equal groups: group 1 
received standard cardioplegic solution, and group 2 
received a solution containing mannitol, 59.8 mmol/L. In 
6 patients in each group, myocardial biopsies were done 
before ischemia and at the time of reperfusion. Samples 
were assessed by chemiluminescence to determine oxi- 
dative stress and by electron microscopic studies. A 
significant reduction in atrial arrhythmias was observed 
in the mannitol group. Chemiluminescence in group 1 
showed a photoemission of 37.6 + 3.5 cpm/mg of protein 
x 107° for the preischemia samples and 74.8 + 16 
cpm/mg of protein x 10~° for the reperfusion samples (p 
< 0.001). In group 2, the values for chemiluminescence 
were 37.7 + 3.4 cpm/mg of protein x 107? and 40 + 6.1 


Ithough topical cooling and cold potassium car- 

dioplegia have markedly reduced mortality and 
morbidity in open heart procedures, there still exists a 
variable degree of myocardial injury as a consequence of 
the ischemia/reperfusion mechanism. Cell damage has 
been assessed by both ultrastructural and histochemical 
studies, and is clinically expressed by the presence of 
disturbances in the conduction system and supraventric- 
ular and ventricular arrhythmias. Moreover, in patients 
with a low ejection fraction preoperatively, the postoper- 
ative period can also be associated with impaired ventric- 
ular function. 

Evidence accumulated over the past several years indi- 
cates that oxygen-derived free radicals are in part respon- 
sible for the production of reperfusion injury. We [1] have 
recently observed the presence of myocardial oxidative 
stress caused by these metabolites in patients who under- 
went coronary artery bypass grafting. It has also been 
shown in animal models [2-5] that a variety of antioxi- 
dants or scavengers are able to reduce cell damage asso- 
ciated with the ischemia/reperfusion mechanism as well 
as the incidence of reperfusion-induced arrhythmias. 
Moreover, proarrhythmic effects were obtained when the 
heart was exposed to an oxygen-derived free radical- 
generating system [5]. 

In the present study, we tested the hypothesis that 
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cpm/mg of protein x 107°, respectively (p = not signif- 
icant). Electron microscopic studies showed, for group 1, 
increased grades of damaged mitochondria in the reper- 
fusion biopsy specimens compared with the preischemia 
biopsy specimens (p < 0.01). In group 2, differences for 
damaged mitochondria were not significant. These re- 
sults support the hypothesis that mannitol reperfusate 
significantly reduces myocardial damage in patients un- 
dergoing open heart procedures. They also suggest that 
this protective effect may be in part secondary to the 
antioxidant property of mannitol, although other mech- 
anisms may have accounted for or contributed to the 
improved outcome after ischemia. 


(Ann Thorac Surg 1989;48:77-84) 


administration of mannitol in a cardioplegic solution 
reduces the incidence of postoperative arrhythmias and 
myocardial damage. Oxygen free radical activity was 
indirectly assessed by chemiluminescence and myocardial 
damage, by electron microscopic studies. 


Material and Methods 


This prospective trial involved 40 patients who under- 
went coronary artery bypass grafting between September 
1, 1987, and February 1, 1988. To obtain a homogeneous 
group, patients with the following characteristics were 
considered for the study: an ejection fraction greater than 
45%; absence of recent (less than 4 weeks) myocardial 
infarction; and complete or satisfactory revascularization 
at the time of operation. The patients were divided into 
two equal groups based on the cardioplegic solution used. 
Age, ejection fraction, aortic-cross clamp time, and num- 
ber of grafts performed were similar in the two patient 
groups (Table 1). Written informed consent was obtained 
from those patients who were selected for myocardial 
biopsy. 

Cardiopulmonary bypass was instituted, and the per- 
fusate was cooled to 28°C. Topical hypothermia with 
crushed ice saline solution was added. The two study 
groups were as follows: 20 patients (group 1) received 500 
mL of standard cardioplegic solution, and 20 patients 
(group 2) received 500 mL of a cardioplegic solution 
containing mannitol (59.8 mmol/L) (Laboratorios FADA, 
Buenos Aires, Argentina). The composition of the infu- 
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Table 1. Characteristics of the Two Groups" 


Group 1, Group 2, 

Control Mannitol 
Variable (n = 20) (n = 20) 
Age (yr) 52.4 +2 53.8 + 2 
Ejection fraction (%) 53 + 2 53.2 + 3 
Aortic cross-clamp time (min) 48.243 53.8 + 2 
No. of grafts 2.8 + 0.2 3+ 0.2 
LAD grafts 17 18 


* Data are shown as the mean + the standard error of the mean where 
applicable. 


LAD = left anterior descending coronary artery. 


sions is listed in Table 2. The osmolarity of both perfusates 
was measured with a vapor pressure osmometer (Wescor 
5500, Wescor, Logan, UT). 

In both groups the solution was administered into the 
aortic root at a temperature of 4°C and a pressure ranging 
between 80 and 100 mm Hg. A needle thermistor (Yellow 
Springs Instrument Company, Yellow Springs, OH) was 
inserted into the septum for continuous monitoring of 
myocardial temperature, which was maintained at ap- 
proximately 18°C. After each distal anastomosis was con- 
structed, 50 mL of the respective cardioplegic solution 
was given into the vein graft. In all circumstances, at least 
one of the internal mammary arteries was used, and this 
anastomosis was done as the last step before the aortic 
clamp was removed. 

Six patients in each group were randomly chosen to 
undergo myocardial biopsies, which were done according 
to the following protocol. Before the aorta was cross- 
clamped, full-thickness needle biopsy specimens 
(Travenol Tru-cut biopsy needle) were obtained from the 
apex of the left ventricle. Specimens for chemilumines- 
cence determination were immersed in normal saline 
solution and immediately frozen, and specimens for elec- 
tron microscopy were placed in cold 3% glutaraldehyde in 
0.1 mol/L of cacodylate buffer (pH 7.4). Both sets of 
specimens were designated as preischemia samples. After 
completion of the distal anastomoses, the aortic cross- 
clamp was removed and defibrillation was performed at 
30° to 33°C using a 40-W-s direct-current countershock. 
After ten minutes. of reperfusion and with the patient 
rewarmed, new biopsy specimens were obtained and 
processed as described. These specimens were designated 
as reperfusion samples. The patient was weaned from 
cardiopulmonary bypass when the systemic temperature 
reached 37°C. 


Study of Rhythm Disturbances 

At the time of operation, the number of electric counter- 
shocks required to defibrillate the heart after the aortic 
cross-clamp was removed was regisiered. Rhythm distur- 
bances that occurred within the first 24 hours after oper- 
ation and required treatment were considered. They in- 
cluded the following: atrial fibrillation; supraventricular 
tachycardia, defined as six or more consecutive premature 
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supraventricular complexes with a frequency greater than 
100 beats per minute; ventricular tachycardia, defined as 
six or more consecutive premature ventricular complexes 
with a frequency greater than 100 beats per minute; 
frequent premature ventricular complexes, defined as 30 
or more premature ventricular complexes per hour; and 
second-degree or third-degree atrioventricular block. Per- 
sonnel of the intensive care unit were specially advised to 
continuously observe and register the type and frequency 
of rhythm disturbances appearing on a telemetric moni- 
tor. 


Hydroperoxide-Initiated Chemiluminescence 

Frozen biopsy specimens (approximate weight, 20 mg) 
were placed in saline solution at 0° to 2°C and rushed to 
the laboratory. The samples were homogenized in a small 
Potter Elvejhem Teflon homogenizer in 120 mmol/L of 
KCI and 30 mmol/L of phosphate buffer (pH 7.5) at 0° to 
2°C. The homogenate was warmed to 30°C, combined 
with 3 mmol/L of tert-butyl hydroperoxide, and assayed 
for chemiluminescence in a Packard Tri-Carb model 3320 
scintillation counter (Packard Instrument Co, Santa Ana, 
CA) in the out-of-coincidence mode [6, 7]. The proteins of 
the homogenate were determined by the method of 
Lowry and associates [8], and chemiluminescence was 
expressed as counts per minute per milligram of homoge- 
nate protein. Determinations were conducted in a blind 
manner by two different observers. - 


Electron Microscopy 
Tissues for transmission electron microscopy were fixed 
in cold 3% glutaraldehyde in.0.1 mol/L of cacodylate 
buffer (pH 7.4), postfixed in 1% osmium tetroxide, dehy- 
drated, and embedded in Epon. Three blocks were se- 
lected from different depths of the biopsy specimen, and 
from each block, a section 1 wm thick was cut, stained 
with 1% toluidine-borax, and examined by light micros- 
copy to select appropriate areas for thin sectioning. Five 
ultrathin sections were obtained from each of the three 
blocks. Ultrathin sections mounted in copper grids were 
stained with uranyl acetate and lead citrate and examined 
with a Siemens Elmiskop 1A electron microscope. 
Electron micrographs were systematically taken at 


Table 2. Composition of the Two Cardioplegic Solutions 


Variable Standard Mannitol 
Dextrose (mmol/L) 14 28 
NaCl (mmol/L) . 154 90.7 
KCI (mmol/L) 20 33 
CaCl (mmol/L) 1.2 0.54. 
MgCl (mmol/L) 16 

NaHCo, 10 bha 
Mannitol (mmol/L) Dy 59.8 
Glycine (mmol/L) ee 49 
pH at 5°C 7.8 7.8 
Osmolarity (mosm/L) 380 360 
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Fig 1. Time course of hydroperoxide-initiated chemiluminescence 
shows the effect of mannitol reperfusate in the reperfusion samples 
from group 2. (A = group 1 preischemic samples; @ = group 1 


A = 


HOPENI o EN i ES ace me oer 7 
reperfusion samples; A = group 2 preischemia samples; © = group 2 
reperfusion samples.) 


2,500 and x10,000 magnification for the comparative 
evaluation of the preischemia and reperfusion samples in 
both groups. A single score was given for each area, and 
the observations were conducted in a blind manner by 
two different observers. According to the criteria of 
Kloner and co-workers [9], the severity of mitochondrial 
swelling was graded 0 through 4 as follows: 0 = normal 
mitochondria; 1 = early swelling as manifested by sepa- 
ration of cristae and clearing of matrix density; 2 = more 
marked swelling than in grade 1; 3 = massive swelling 
with architectural disruption; and 4 = the findings in 





FERREIRA ET AL 79 
REPERFUSION INJURY WITH MANNITOL CARDIOPLEGIA 


grade 3 plus rupture of inner and outer mitochondrial 
membranes. 

When a point on the grid fell on a mitochondrion, this 
mitochondrion was assigned a numerical value of 0 
through 4 depending on its morphological degree of 
damage. A mean mitochondrial grade for each cell was 
obtained by calculating the weighted average (0 through 
4) of mitochondrial swelling. Approximately 200 mito- 
chondria per sample were graded in this manner. 


Statistical Analysis 

The paired f test was used to determine the significance of 
differences, and data were expressed as the mean + the 
standard error of the mean. Data from chemilumines- 
cence were analyzed by variance factorial design. To 
compare the incidence of rhythm disturbances in the two 
groups, the y test was used. 


Results 


Clinical Outcome 

All patients recovered satisfactorily from the operation. 
There were no perioperative myocardial infarctions as 
measured by the appearance of new Q waves on the 
electrocardiogram or by increased values for serum creat- 
ine kinase. Four patients in group 1 and 3 in group 2 
required inotropic support four to 18 hours after opera- 
tion. No patient required a major dose of dopamine 
hydrochloride (more than 5 yg/kg/min). The hospital 
mortality was 2.5%; 1 patient in group 1 had uncontrolled 
gastrointestinal bleeding and died on the 13th postoper- 
ative day. 


Rhythm Disturbances 


The number of countershocks needed to reverse ventric- 
ular fibrillation at the time of reperfusion was 1.7 + 0.4 in 
group 1 and 1.0 + 0.27 in group 2 (p < 0.02). Rhythm 
disturbances developed in 7 patients (35%) in group 1: 
atrial fibrillation in 3, frequent premature ventricular 


Fig 2. Electron micrograph of preischemia biopsy 
specimen demonstrates preserved architecture of the 
sarcomere. The mitochondria have intact membranes 
and tightly packed cristae. (25,000 before 38%. re- 
duction.) Inset shows that mitochondria and sarcom- 
ere beth have a normal appearance. (X 20,000 before 
38% reduction.) l 
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Fig 3. Electron micrograph of reperfusion biopsy spec- 
imen from a patient in group 1 shows areas of focal 
myofibrillar disorganization with myocytolysis. Mito- 
chondria demonstrate slight to moderate edema, and 
in some areas, there is clarification of the matrix with 
massive swelling (arrow). (X25,000 before 38% re- 
duction.) Inset shows mitochondria with moderate 
swelling. (10,000 before 38% reduction.) 


complexes in 2, supraventricular tachycardia in 1, and 
transient third-degree atrioventricular block in 1. In group 
2, 1 patient (5%) had transient third-degree atrioventric- 
ular block. This difference was significant (p < 0.05). 


Hydroperoxide-Initiated Chemiluminescence 


The mean value for hydroperoxide-initiated chemilumi- 
nescence in the preischemia biopsy specimens from the 6 
group 1 patients was 37.6 + 3.5 cpm/mg of protein x 1077 
and in the reperfusion biopsy specimens, 74.8 + 16 
cpm/mg of protein x 1077. In group 2, the photoemission 
count for the preischemia biopsy specimens was 37.7 + 
3.4 cpm/mg of protein x 107% and for the reperfusion 
specimens, 40 + 6.1 cpm/mg of protein x 107°. The 
photoemission count was significantly reduced in the 
reperfusion biopsy specimens from group 2 compared 


Fig 4. Electron micrograph of reperfusion biopsy spec 
imen from a patient in group 1: details of an area 
showing (A) severe damage of mitochondria with mas- 
sive swelling and disruption of cristae and (B) mito- 
chondria with marked swelling and rupture of mem- 
branes. (* 20,000 before 38% reduction.) 
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with those from group 1 (p < 0.001). No significant 
differences were found between the preischemia samples 
from both groups or between the preischemia and postis- 
chemia samples from group 2. Figure 1 shows the mark- 
edly increased hydroperoxide-initiated chemilumines- 
cence in the reperfusion samples from group 1 compared 
with those from group 2. 


Electron Microscopy 


QUALITATIVE ANALYSIS. The preischemia biopsy speci- 
mens from both groups showed well-preserved interca- 
lated discs and similar mitochondrial arrangement, 
density, and general morphology. The cytoplasmic myo- 
filament, glycogen, and sarcolemma were well preserved 
(Fig 2). Morphological changes in the reperfusion biopsy 
specimens from group 1 showed areas of focal myo- 
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fibrillar disorganization with myocytolysis and sarcoplas- 
mic vacuolation. Mitochondria had minimal to moderate 
swelling in some myocardial areas (Fig 3) and massive 
swelling and disrupted cristae in others (Fig 4). Reperfu- 
sion biopsy specimens from group 2 showed mitochon- 
dria with well-preserved architecture, tightly packed cris- 
tae, and gray matrix density in most of the electron 
micrographs. In some scattered areas, moderate swelling 
with clearing of matrix density and separation of cristae 
was observed, but no abnormalities of myofibrillar orga- 
nization were detected (Fig 5). 


QUANTITATIVE ANALYSIS. In group 1, the percentage of 
severely damaged mitochondria, grades 3 and 4, was 6% 
+ 2% and 5% + 2%, respectively, for the preischemia 
samples. For the reperfusion samples, grades 3 and 4 
were 16% + 5% and 15% + 2%, respectively. These 
results were significantly different for grade 4 (p < 0.05) 
(Table 3). Values for normal (grade 0) mitochondria in the 


Table 3. Grading of Mitochondrial Damage* 
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Fig 5. Electron micrograph of reperfusion biopsy spec- 
imen from a patient in group 2. The cytoplasmic myo- 
filaments and sarcolemma are well preserved. The 
mitochondrial arrangement is similar to the preis- 
chemia biopsy specimen. (X2,500 before 38% reduc- 
tion.) Inset shows mitochondria with normal arrange- 
ment of the matrix and minimal edema. (x 20,000 
before 38% reduction.) 


same group were significantly different when the preis- 
chemia and reperfusion samples were compared (p < 
0.05). In group 2, similar values were observed in both the 
preischemia and reperfusion samples (see Table 3). 


Comment 


Our study shows that the addition of mannitol to a 
cardioplegic solution significantly decreased the number 
of countershocks required to return the heart to sinus 
rhythm. Also observed was a reduction in rhythm distur- 
bances during the first 24 postoperative hours. In this 
respect, the complete disappearance of atrial fibrillation 
was remarkable in the mannitol group (group 2). Further- 
more, our study suggests that mannitol or the potentia- 
tion effect of mannitol by glucose may reduce the occur- 
rence of oxidative stress as shown by a marked decrease 
in the hydroperoxide-initiated chemiluminescence in the 
biopsy specimens of group 2. Similarly, a relatively pre- 











Mitochondrial Grade (%) No. of 
Mitochondria 

Group Sample? 0 1 2 3 4 Checked 
l(n = 6) A 60 +9 1625 1323 6+2 542 209 + 17 
B 36 +7 7+2 1623 1645 1542 194 +8 

p Value <0.05 NS NS NS <0.01 NS 
2(n = 6) A 69 + 12 12+3 944 3 542 231 + 16 
B 60 + 4 16+2 11+4 $ 7241 202 + 17 

p Value NS NS NS NS NS NS 


a Data are shown as the mean + the standard error of the mean. 
minutes of reperfusion. 


NS = not significant. 





? A represents the samples obtained before ischemia and B, those obtained after 10 
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served ultrastructure, as shown by the morphometric 
analysis of electron micrographs, was characteristic of the 
mannitol bicpsy specimens. To our knowledge, this is the 
first study of these properties of mannitol in humans. 

Hydroperoxide-initiated chemiluminescence consti- 
tutes a reliable method within the various techniques 
currently used for determining oxidative stress [10, 11]. 
This assay appears to have a higher degree of sensitivity 
than malondialdehyde formation. Hydroperoxide-initi- 
ated chemiluminescence has been used to detect de- 
creased levels of endogenous antioxidants in brain and 
liver homogenates from ethanol-treated rats [12] and from 
tumor-bearing mice [13] and in heart homogenates from 
Adriamycin (doxorubicin hydrochloride)-treated rabbits 
and mice [14, 15]. : 

In this decade, considerable interest has arisen over the 
role of oxygen-derived free radicals in reperfusion- 
induced damage of the heart, and within this field, some 
investigators [2-5] focused their research on the implica- 
tion of free radicals in the genesis of reperfusion-induced 
arrhythmias. These authors have shown the arrhyth- 
mogenic properties of an oxygen-derived free radical- 
generating system. They have also demonstrated that the 
addition of antioxidant agents such as superoxide dismu- 
tase, catalase, mannitol, glutathione, cr desferrioxamine 
in the perfusion medium exerts an antiarrhythmic effect in 
the isolated animal heart subjected to regional ischemia 
and reperfusion. l 

Oxygen free radicals, particularly the OH’, attack un- 
saturated fatty acid chains and other cell structures such 
as proteins and deoxyribonucleic acid. Because unsatura- 
ted fatty acids are in abundance in cell membranes, they 
become critical targets of free radical activity, and a 
propagation reaction (lipoperoxidation) is initiated [16]. 

The mechanism by which oxygen free radicals are 
generated on reperfusion remains unclear. The role of 
xanthine oxidase as a source of these metabolites has been 
observed in animals, but, as reported in 1986 [17], the 
human heart has little if any xanthine oxidase activity; 
therefore the hypothesis that xanthine oxidase catalyzes 
the generation of the superoxide anion (O,") may not be 
applied in the clinical setting. 

In the alternative hypothesis, on reperfusion, oxygen 
encounters a highly reduced mitochondrial respiratory 
chain, which triggers a high production of O, at the inner 
mitochondrial membrane [18]. After dismutation of O, at 
the mitochondrial matrix, the resulting H,O, diffuses out 
of the cytosol, reacts with myoglobin, and produces HO’ 
[19]. 

In a previous work, we [1] showed that in patients 
undergoing myocardial revascularization, a burst of oxy- 
gen free radicals is generated on reperfusion, and this was 
demonstrated by a significant rise in hydroperoxide- 
initiated chemiluminescence. This was associated with 
cell damage assessed both by ultrastructural studies and 
by the determination of histochemical succinic dehydro- 
genase activity. Encouraged by these results, we tested in 
the present study the hypothesis that the addition of 
mannitol to the cardioplegic solution would offer better 
protection to the heart. : 
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Mannitol has been shown to improve myocardial func- 
tion after ischemia. One possible mechanism of action is 
related to its osmotic activity, decreasing cellular edema 
by creating a hyperosmotic extracellular milieu. Magovern 
and co-workers [20] tried to elucidate the mechanisms by 
which reperfusion with mannitol is beneficial. They reper- 
fused rabbit hearts with two equally hyperosmotic solu- 
tions, one containing mannitol and the other containing 
glucose. The mannitol group demonstrated a better toler- 
ance to ischemia on the basis of ventricular function 
determinations, measurement of coronary flow, and myo- 
cardial edema formation. These results provided sugges- 
tive evidence that mannitol may achieve a myocardial 
protective effect by some other property than its hyper- 
osmotic action. These authors hypothesized that mannitol 
could act as a scaveriger of free radicals. It has been 
reported [21] that mannitol is an oxygen free radical - 
scavenger of the OH by forming a mannitol radical (MH2 
+ OH’ — MH’ + H,O) that undergoes disproportion- 
ation or dimerizes. 

The standard cardioplegic solution in our experience 
possesses higher osmolarity than the mannitol solution. 
Therefore the better preservation of ultrastructure ob- 
served in the mannitol samples should be explained by 
mechanisms other than hyperosmolarity. Another aspect 
that must be taken into consideration is the determination 
of the optimal concentration of mannitol in a cardioplegic 
solution. Bernier and associates [4] found effective reduc- 
tion of ventricular fibrillation with 50 mmol/L of mannitol, 
and recently the same group [22] observed the potentia- 
tion of the antifibrillatory effects of mannitol (50 mmol/L) 
by low concentrations (11 mmol/L) of glucose. The mech- 
anism for this effect remains to be elucidated. 

We introduced chemiluminescence as an indirect 
method to assess free radical activity, and a significant 
reduction in photoemission was observed in the biopsy 
specimens from the mannitol group. Our results suggest 
that the protective action of mannitol or the interaction of 
mannitol and glucose is in part secondary to a scavenging 
property. However, we concede that several aspects re- 
main unclear. Is mannitol limited to the vascular space 
under these conditions, whether simply by membrane 
permeability factors or by reduced mannitol diffusion 
because of hypothermia? Or is it conceivable that with 
ischemia, there are sufficient increases of sarcolemmal 
permeability to allow the relatively small mannitol mole- 
cule to gain access to the cytosol? If mannitol could diffuse 
in amounts sufficient to reach an effective scavenging 
concentration within the cells, then it could be acting 
through the ascribed mechanism. The role of activated 


- leukocytes as an oxidant source is also well known. In 


spite of the washout effect of the perfusate, an undeter- 
mined number of leukocytes reach the capillary system of 
the myocardium through the noncoronary flow, and 
mannitol may act over the free radicals generated by these 
cells. Further investigations are necessary to clarify the 
mechanisms by which antioxidant agents including man- 
nitol exert their protective action when administered in a 
cardioplegic solution. 
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INVITED COMMENTARY 


This article by Ferreira and colleagues is provocative and 
potentially important. However, there are several caveats 
in its interpretation. First, patients were randomized to 
one of two treatment groups without informed consent. 
The rationale was that mannitol is commonly used in 
cardioplegic solutions anyway, and informed consent 
was, therefore, unnecessary. Moreover, it was not re- 
quired by the local institutional review board. While not 
disagreeing with this contention, an imporiant principle 
of human research is that when treatment is assigned, 
strictly on the basis of study participation, consent must 
be obtained. Responsibility for enforcement is both that of 
the authors and that of The Annals. 

Second, the occurrence of increased chemilumines- 
cence in biopsy specimens from patients treated with 
mannitol is not specific for the occurrence of free radical 
moieties. For example, changes in the redox state of tissue 
iron can influence chemiluminescence. Moreover, using 
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the current study design, no evidence is provided that the 
simple presence of mannitol in the myocardial tissues did 
not influence chemiluminescence. It is of interest that the 
extent of chemiluminescence did not correlate with the 
duration of aortic cross-clamp time; most hypotheses of 
free radical injury suggest that the extent of this phenom- 
enon should relate directly to the extent of ischemic 
injury. 

Third, the potentia] dangers of subjecting a small sam- 
pling of the patient population to biopsy introduces 
statistical hazards not present when the biopsy technique 
is applied to greater numbers of the studied population. 

Fourth, side-by-side comparison of the two cardioplegic 
solutions reveals differences not limited to the inclusion of 
mannitol. Differences exist in four other components of 
the solution that cannot be excluded as contributing to the 
results. The sodium chloride concentration in the manni- 
tol-containing cardioplegic solution was about 60% of that 
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in the standard solution, the potassium chloride concen- 
tration was 50% greater in the mannitol solution, the 
calcium chicride concentration in the standard solution 
was half the concentration in the mannitol solution, and 
the standard solution contained 16 mmol/L of magnesium 
chloride, whereas none was present in the mannitol- 
containing solution. These are not inconsequential differ- 
ences and must be kept in mind when interpreting the 
data. 

Despite these concerns, Ferreira and colleagues are to 
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be complimented for attempting to use the operating 
room laboratory to assess scientifically important issues. 
The data generated, however, should not lead any prac- 
ticing surgeon to include mannitol in the cardioplegic 
solution without further evidence of benefit. 


Andrew S. Wechsler, MD 
Department of Surgery 
Medical College of Virginia 
PO Box 645, MCV Station 
Richmond, VA 23298-0645 





Notice From the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery began its re- 
certification process in 1984. Diplomates interested in 
participating in this examination should maintain a doc- 
umented list of the cardiothoracic operations they per- 
formed during the year prior to application for recertifi- 
cation. They should also keep a record of their attendance 
at thoracic surgical meetings, and other continuing med- 
ical education activities, for the 2 years prior to applica- 
tion. A minimum of 100 hours of approved CME activity 
is required. 

In place of a cognitive examination, candidates for 
recertification will be required to complete both the gen- 
eral thoracic and cardiac portions of the SESATS III 
syllabus (Self-Education/Self-Assessment in Thoracic Sur- 
gery). It is not necessary for candidates to purchase 


SESATS III booklets prior to applying for recertification. 
SESATS III booklets will be forwarded to candidates after 
their applications have been accepted. 

Diplomates whose 10-year certificates will expire in 
1991 may begin the recertification process in 1989. This 
new certificate will be dated 10 years from the time of 
expiration of the original certificate. Recertification is also 
open to any diplomate with an unlimited certificate and 
will in no way affect the validity of the original certificate. 

The deadline for submission of applications is July 1, 
1989. A recertification brochure outlining the rules and 
requirements for recertification in thoracic surgery is 
available upon request from the American Board of Tho- 
racic Surgery, One Rotary Center, Suite 803, Evanston, IL 
60201. 


BACK 
IN THE PINK 


In the post-MI heart failure patient, the inotropic 
action of dobutamine increases tissue perfusion 
while maintaining a favorable impact on the 
determinants of myocardial oxygen consumption. 


DOBUTAMINE -C 
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Dobutrex® Solution 
dobutamine hydrochloride injection 


Excessive dosages of Dobutrex or other inotropic agents may pro- 
duce unwanted alterations in blood pressure, heart rate, or ventric- 
ular ectopic activity. 

Brief Summary. Consult the package literature for prescribing information. 


Clinical Pharmacology: Dobutrex Solution is a direct-acting inotropic agent whose 
primary activity results from stimulation of the B-receptors of the heart while producing 
comparatively mild chrono:zropic, hypertensive, arrhythmogenic, and vasodilative 
effects. It does not cause te release of endogenous norepinephrine, as does dopamine. 
In animal studies, dobutamine produces less increase in heart rate and less decrease in 
peripheral vascular resistance for a given inotropic effect than does isoproterenol. 

In patients with depressed cardiac function, both dobutamine and isoproterenol 
increase the cardiac output to a similar degree. In the case òf dobutamine, this increase 
is usually not accompanied by marked increases in heart rate (although tachycardia is 
occasionally observed), and she cardiac stroke volume is usually increased. In contrast, 
isoproterenol increases the cardiac index primarily by increasing the heart rate while 
stroke volume changes little or declines. 

Facilitation of atrioventricular conduction has been observed in human electrophysio- 
logic studies and in patients with atrial fibrillation. 

Systemic vascular resistance is usually decreased with administration of dobutamine. 
Occasionally, minimum vasoconstriction has been observed. 

Most clinical experience with dobutamine is short term—not more than several hours 
in duration. In the limited number of patients who were studied tor 24, 48, and 72 hours, a 
persistent increase in cardiac output occurred in some, whereas output returned toward 
baseline values in others. 

Theonsetofactionof Dobutrex Solutionis within one totwo minutes; however, as much 
as ten minutes may be required to obtain the peak effect of a particular infusion rate. 

The plasma half-life of dobutamine in humans is two minutes. The principal routes of 
metabolism are methylation cf the catechol and conjugation. In human urine, the major 
excretion products are the conjugates of dobutamine and 3-O-methy! dobutamine. The 
3-O-methyl derivative of dobutamine is inactive. 

Alteration of synaptic concentrations of catecholamines with either reserpine or 
tricyclic antidepressants does not alter the actions of dobutamine in animals, which 
indicates that the actions of dobutamine are not dependent on presynaptic mechanisms. 


Indications and Usage: Dobutrex Solution is indicated when parenteral therapy is 
necessary for inotropic support in the short-term treatment of adults with cardiac 
decompensation due to cepressed contractility resulting either from organic heart 
disease or from cardiac surgical procedures. 

In patients who have atrial fibrillation with rapid ventricular response, a digitalis 
preparation should be used prior to institution of therapy with Dobutrex Solution. 


Contraindications: Dobutrex Solution is contraindicated in patients with idiopathic 
hypertrophic subaortic stenosis and in patients who have shown previous manifesta- 
tions of hypersensitivity to Dobutrex Solution. 


Warnings: 1. Increase in Heart Rate or Blood Pressure—Dobutrex Solution may cause a 
marked increase in heart rate or blood pressure, especially systolic pressure. Approxi- 
mately 10% of patients in clinical studies have had rate increases cf 30 beats/minute or 
more, and about 75% have had a 50-mm Hg or greater increase in systolic pressure. 
Usually, reduction of dasage reverses these effects. Because dobutamine facilitates 
atrioventricular conduction, patients with atrial fibrillation are at risk of developing rapid 
ventricular response. Patierts with preexisting hypertension appear to face an 
increased risk of developing an exaggerated pressor response. 

2. Ectopic Activity—Dobutrex Solution may precipitate or exacerbate ventricular 
ectopic activity, but it rarely has caused ventricular tachycardia. 

3. Hypersensitivity— Reactions suggestive of hypersensitivity associated with admin- 
istration of Dobutrex Solution, including skin rash, fever, eos nophilia, and bron- 
chospasm, have been reported occasionally. 

4, Dobutrex Solution contains sodium bisulfite, a sulfite that may cause allergic-type 

reactions, including anaphylactic symptoms and life-threatening or less severe asth- 
matic episodes, in certain susceptible people. The overall prevalence of sulfite sensitiv- 
ity in the genera! population is unknown and probably low. Sulfite sensitivity is seen more 
frequently in asthmatic thar in nonasthmatic people. 
Precautions: 1. During the administration of Dobutrex Solution, as with any adrener- 
gic agent, ECG and blood pressure should be continuously monitored. in addition, 
pulmonary wedge pressure and cardiac output should be monitored whenever 
possible to aid in the safe and effective infusion of Dobutrex Solution. 

2. Hypovolemia should be corrected with suitable volume expanders before treatment 
with Dobutrex Solution is instituted. 

3. Animal studies indicate that dobutamine may be ineffective if the patient has 
recently received a 3-blocking drug. In such a case, the peripheral vascular resistance 
mayincrease. 

4. No improvement may be observed in the presence of marked mechanical obstruc- 
tion, such as severe valvular aortic stenosis. 

Usage Following Acute Myocardial inlarction— Clinical experience with Dobutrex Solu- 
tion following myocardial infarction has been insufficient to establish the safety of the 
drug for-this use. There is concern that any agent thal increases contractile force and 
heart rate may increase the size of an infarction by intensifying ischemia, but it is not 
known whether dobutamine does so. 

Usage inPregnancy— Reproduction studies performedinrats and rabbits have revealed 
no evidence of impaired fertility, harm to the fetus, or teratogenic effects due to dobuta- 
mine. However, the drug has not been administered to pregnant women and should be 
used only when the expected benefits clearly outweigh the potential risks to the fetus. 

Pediatric Use—The safety and effectiveness of Dobutrex Solution for use in children 
have not been studied. 

Drug interactions— There ‘was no evidence of drug interactions in clinical studies in 

which Dobutrex Solution was administered concurrently with otter drugs, including 
digitalis preparations, furosem de, spironolactone, lidocaine, glyce-yl trinitrate, isoscr- 
bide dinitrate, morphine, atropine, heparin, protamine, potassium chioride, folic acid, and 
acetaminophen. Preliminary studies indicate that the concomitant use of dobutamine 
and nitroprusside resuits in a higher cardiac output and, usually, a lower pulmonary 
wedge pressure than when either drug is used alone. 
Adverse Reactions: increased Heart Rate, Blood Pressure, and Ventricular Ectopic Activ- 
ity—A 10- to 20-mm increase in systolic blood pressure and an increase in heart rate of 
5to15 beats/minute have been noted in most patients. {See Warnings regarding exagger- 
ated chronotropic and presso; effects.) Approximately 5% of patients have had increased 
premature ventricular beats during infusions. These effects are dose related. 

Hypotension—Precipitous decreases in biood pressure have occasionally been 
described in association wth dobutamine therapy. Decreasing the dose or discontinuing 
the infusion typically results in rapid return of blood pressure to baseline values. 

Reactions at Sites of intravenous infusion—Phiebitis has occasionally been reported. 
Local inflammatory changes have been described following inadvertent infiltration. 

Miscellaneous Uncommon Effects— The following adverse effects nave been reported 
in 1% to 3% of patients: nausea, headache, anginal pain, nonspecific chest pain, 
palpitations, and shortness of treath. 

No abnormal laboratory values attributable to Dobutrex Solution have been observed. 

Longer-Term Safety—infus ons of up to 72 hours have revealed no adverse effects 
other than those seen with shorter infusions. 
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Additional information available to the profession on request from Eli Lilly and Company, 
indianapolis, indiana 46285. 
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PERFUSION SERVICES 


Allied Cardiac Services has competent certified 
perfusionists available to assist you. We are only a 
phone call away. 


If your perfusionist is absent due to vacation, 
illness, continuing education, or any other reason, 
your heart program is at a stand-still. ACS would 
like to offer our services in the absence of your 
institute’s regular perfusionist. 


Our perfusionists have vast experience with a 
variety of equipment and adapt quickly to each 
situation. We are available for any length of time, 
from a weekend to a-year. 


Please file this notice for your future reference. 
However, if we can be of service now, call: 


ROBERT OWENS 
ASST. VICE PRESIDENT 
713-558-7432 
or 
WILLIAM WATSON 
ASST. VICE PRESIDENT 
713-261-2023 


or, for more information, you can write: 
ALLIED CARDIAC SERVICES, INC. 


2331 DORRINGTON 
HOUSTON, TEXAS 77030 
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Call for Papers 


GULLET 


An international journal of 
oesophageal disease 


Gullet will cover oll aspects of disorders of the oesophagus—their aetiology, 
investigation and diagnosis, and both medical and surgical treatment. 








Gullet will provide a single forum for material currently published in a wide variety 
of books and journals and will keep research workers and clinicians up-to-date with 
the latest developments in their field. 


The journal will include primary research papers, short reporis, commissioned review 
articles, correspondence, book and equipment reviews, annotated abstracts and 
announcements of meetings. 


it is a central aim of the journal to give rapid decisions on acceptance or rejection of 
submitted papers, and accepted papers will be published as quickly as possible. 


Gullet will be of interest to general and thoracic surgeons, gastroenterologists, ENT 
specialists and radiologists. 


Editors: 
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Consultcnt Gastroenterologist Deporiment of Surgery 
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Papers: Original primary research papers should be submitted to the nearest Editor. 
Publication: The journal will be published quarterly. First issue: September 1990. 


Further information: Requests for further information or subscription details 
should be sent to: Churchill Livingstone Inc, 1560 Broadway, New York, NY 10036. 
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CARDIOTHORACIC SURGEON 
TAMPA BAY, FLORIDA 


Exceptional opportunity for a second 
Cardiothoracic Surgeon to join an established, 
multi-specialty group practice in the booming 
Tampa Bay area. Must be experienced in all 
areas of adult cardiac, thoracic and peripheral 
vascular surgery. Training in valve repair, 
electrophysiologic surgery and left ventricular 
assist devices desirable. Our fifty-eight 
physician, state-of-the-art facility is close to 
sandy beaches, golf and major Florida tourist 
attractions. Guaranteed salary first year, leading 
to potential equity position (directorship). Full 
benefits, including paid malpractice insurance. 
For immediate consideration, rush CV in 
confidence c/o Recruitment Committee to: 


DIAGNOSTIC RY CLNC 


PO. Box 2901, Largo, FL 34649 








Cardiac, Thoracic and Vascular Surgeon to join 
established practice as associate, in suburban 
and major teaching hospitals in the Northeast, 
the latter with CVT residency. Academic appoint- 
ment possible. Overbusy surgeon in solo practice 
is turning away work, and is being encouraged to 
expand to accommodate several busy cardiolo- 
gists. 


B.C. preferred—Advanced training and/or skills 
desirable—ie—pediatric, electrophysiology, etc. 


Remuneration competitive with minimum plus 
incentives for work accomplished. 


CV and references in full confidence to: 


Box 515 
The Annals of Thoracic Surgery 

440 Park Avenue South, 14th Floor 
New York, NY 10016 
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Vitalcor Inc. 


100 E. Chestnut Ave. Qt 
Westmont, Illinois 60559 Wit 
(312) 323-3888 Telex 757152 Compro 


Call Toll-Free: 1-800-874-8358 


“Vitalcor, Inc. is the exclusive distributor of Polystan products in the 


There’s Nothing 
Safer Than. 


Your Patient's 


Introducing the Gish CAP-35™ 
cardiotomy reservoir and pleural 
drainage unit with the capacity for 
autotransfusion. 

Today’s hospitals face the challenge of 
ensuring patient safety while reducing costs. 

The CAP-35 delivers on both accounts. 

For patient safety, the CAP-35 is a closed 
system. Blood is safely collected, accurately 
measured, and reinfused continuously to 
maintain hemodynamic stability.' And the 
integral water seal/water manometer devel- 
oped exclusively by Gish eliminates the 
need for a separate pleural drainage unit. 

For cost savings to your hospital, the 
CAP-35 works as a cardiotomy reservoir and 
pleural drainage unit with the capacity for 
continuous autotransfusion — all in a single 
device. It also reduces the need for expensive 
banked blood and blood products. + 

The critical demands of today’s healthcare 
professionals require products that not only 
exceed in performance, but deliver on the 
bottom line. In safety, performance, and cost, 
the CAP-35 sets new standards. 

For a complete presentation, call toll free 
1-800-854-0531. 
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Coronary Artery Bypass Grafting in Patients With 


Ventricular Fibrillation 


Irving L. Kron, MD, Bruce B. Lerman, MD, David E. Haines, MD, 
Terry L. Flanagan, MPH, and John P. DiMarco, MD, PhD 


Division of Thoracic and Cardiovascular Surgery, Department of Surgery, and Division of Cardiology, Department of Internal 
Medicine, University of Virginia Medical Center, Charlottesville, Virginia 


The role of coronary artery revascularization in the man- 
agement of survivors of cardiac arrest remains controver- 
sial. Patients with sustained monomorphic ventricular 
tachycardia rarely respond to revascularization, but the 
response of patients with ventricular fibrillation as their 
basic arrhythmia has not been characterized. Coronary 
artery bypass grafting was performed in 8 patients with a 
history of cardiac arrest known to be caused by ventric- 
ular fibrillation without preceding sustained monomor- 
phic ventricular tachycardia. All patients had critical 
double-vessel or triple-vessel coronary artery disease, 
and 7 of 8 had wall motion abnormalities from a prior 


Vee ventricular tachycardia is an arrhyth- 
mia whose site of origin can often be electrophys- 
iologically mapped and then surgically ablated. In recent 
series, several groups [1-4] have documented surgical 
success rates of 70% to 90% for patients with monomor- 
phic ventricular tachycardia. The surgical approach in 
patients with cardiac arrest and ventricular fibrillation is 
less well defined. Ventricular fibrillation at the time of 
resuscitation may have been preceded by a period of 
monomorphic ventricular tachycardia and it monomor- 
phic ventricular tachycardia is inducible at electrophysio- 
logical study, these patients can be managed by the usual 
techniques. 

In many patients, however, monomorphic ventricular 
tachycardia is not induced at electrophysiolegical study, 
and either rapid, pclymorphic ventricular tachycardia or 
ventricular fibrillation is the only arrhythmia observed [5, 
6]. These arrhythmias cannot be mapped to a single, 
discrete site of origin, and some authors [7] have postu- 
lated that, at least in patients with coronary artery dis- 
ease, ischemia is the underlying cause of the arrhythmia. 
To evaluate this hypothesis, we have retrospectively 
reviewed preoperative and postoperative clinical and elec- 
trophysiological data from 8 patients who were seen with 
ventricular fibrillation and then subsequently underwent 
coronary artery revascularization. 


Acceptec for publication Feb 13, 1989. 


Address reprint requests to Dr Kron, Department of Surgery, Box 181, 
University of Virginia Medical Center, Charlottesville, VA 22908. 


© 1989 by The Society of Thoracic Surgeons 


myocardial infarction. After successful operation, 5 pa- 
tients had no spontaneous arrhythmias and no inducible 
arrhythmias at a postoperative electrophysiological 
study. Three patients, however, had spontaneous, recur- 
rent episodes of ventricular fibrillation unassociated 
with recurrent ischemia. Clinical factors were not useful 
predictors of response. The effect of coronary artery 
revascularization in patients with ventricular fibrillation 
is unpredictable, and full postoperative electrophysio- 
logical evaluation is necessary to judge the success of the 
procedure. 

(Ann Thorac Surg 1989;48:85—9) 


Material and Methods 


Patient Population 


Eight patients with a documented history of cardiac arrest 
and ventricular fibrillation without preceding monomor- 
phic ventricular tachycardia underwent coronary artery 
bypass grafting without myocardial resection or ablation 
between 1983 and 1988 at the University of Virginia 
Hospital. Patients who had ventricular fibrillation only 
within the first 48 hours after myocardial infarction were 
not eligible for inclusion. The onset of ventricular fibrilla- 
tion without preceding monomorphic ventricular tachy- 
cardia was documented by electrocardiographic monitor- 
ing (3 patients), a preoperative electrophysiological study 
(1 patient), or both methods (4 patients). 


Preoperative Evaluation 

All patients underwent coronary arteriography and bi- 
plane left ventriculography using standard techniques. In 
3 patients, the presence of either a critical left main 
coronary artery lesion or progressive chest pain led to a 
clinical diagnosis by the original physician of ischemia as 
the cause of ventricular fibrillation, and preoperative 
electrophysiological studies were not performed. The 
remaining 5 patients underwent a preoperative electro- 
physiological study after discontinuation of any prior 
antiarrhythmic drug therapy using methods previously 
described [2]. In brief, the stimulation protocol used in 
our laboratory includes routine assessment of sinus node 
function and atrioventricular conduction and pro- 
grammed ventricular stimulation with up to three extra- 
stimuli from up to two right ventricular sites [8]. Standard 
definitions for electrophysiological findings were used [9]. 
Only sustained (>30 seconds) ventricular arrhythmias 
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were considered clinically significant responses to stimu- 
lation. 

Coronary artery bypass grafting was carried out using 
moderate hypothermia and crystalloid cardioplegia. 
Grafts were placed to all major vessels with stenosis of 
greater than 50% angiographically except one, a right 
coronary artery in patient 7 that was too severely diseased 
to accept a graft. 

Patients without spontaneous clinical arrhythmias dur- 
ing the postoperative period underwent repeat elec- 
trophysiological study using the ventricular stimulation 
protocol already described. Patients with ventricular 
tachycardia or ventricular fibrillation at the postoperative 
electrophysiological study had therapy guided by serial 
electrophysiological studies. 


Results 


Patient Profile 


The study group included 6 men and 2 women with a 
mean age of 63 + 4 years (Table 1). The mean left 
ventricular ejection fraction was 39% + 13% with 7 of the 
8 patients having one or more regional areas of akinesia or 
dyskinesia. No patient had only a single discrete thin- 
walled aneurysmal segment. One patient had no major 
wall motion abnormalities on left ventriculography. Three 
patients hac greater than 70% stenosis in two coronary 
vessels, while 5 patients had major triple-vessel disease. 
Four patients were seen initially with progressive angina 
and had ventricular fibrillation during attempted in- 
hospital medical therapy, and 4 patients were seen ini- 
tially with an unexpected out-of-hospital cardiac arrest. 
No patient was on a regimen of antiarrhythmic drug 
therapy at the time of arrest. Three patients had multiple 
episodes of ventricular fibrillation; only a single episode 
occurred in the remaining 5. 


Preoperative Electrophysiological Findings 

Preoperative electrophysiological studies were not per- 
formed in 2 patients because of unstable angina and in 1 
patient with multiple arrests and a 95% stenosis in the 
proximal left main coronary artery. Sustained ventricular 
fibrillation not preceded by monomorphic ventricular 
tachycardia was inducible in all 5 patients undergoing 
preoperative electrophysiological studies. The induction 
of ventricular fibrillation required two extrastimuli in 4 
patients and three extrastimuli in 1 patient. Because no 
mappable arrhythmia had ever been documented in any 
patient, intraoperative electrophysiological studies were 
not performed. No patient sustained a perioperative myo- 
cardial infarction. 


Postoperative Findings 

Three patients (patients 5, 7, 8) had spontaneous episodes 
of ventricular fibrillation 4, 5, and 5 days postoperatively. 
One patient (patient 5) could not be resuscitated. At 
autopsy, all three of the grafts were patent, and no 
evidence of a perioperative myocardial infarction was 
found. The other 2 patients with spontaneous postoper- 
ative ventricular fibrillation had patency of all grafts 
documented at repeat coronary angiography. 


Ann Thorac Surg 
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All patients with the exception of patient 5 underwent 
repeat electrophysiological study nine + two days after 
operation. Both patients resuscitated after spontaneous 
postoperative ventricular fibrillation had ventricular fibril- 
lation induced by programmed electrical stimulation. 
Both were eventually managed with antiarrhythmic drug 
therapy with amiodarone. The other 5 patients had no 
inducible ventricular arrhythmia after operation. 

The presence of preoperative unstable angina was not a 
useful predictor of a successful electrophysiological out- 
come after coronary artery bypass. Two of 4 patients with 
and 3 of 4 patients without unstable angina preoperatively 
had control of spontaneous or inducible ventricular fibril- 
lation or both. All three failures occurred in the group of 
7 patients who had wall motion abnormalities due to prior 
myocardial infarction; the single patient with normal left 
ventricular function and no history of infarction had no 
inducible arrhythmias at the postoperative study. 


Follow-up 

Seven of the 8 patients survived to hospital discharge. 
Two received long-term antiarrhythmic drug therapy as 
described. During the follow-up of 23 + 19 months, 1 
patient has died of refractory congestive heart failure and 
recurrent pulmonary edema. The remaining 6 patients are 
alive and well without arrhythmia recurrence. 


Comment 


The role of coronary artery revascularization in the man- 
agement of life-threatening ventricular arrhythmias has 
been controversial. Recurrent monomorphic ventricular 
tachycardia only rarely is controlled by myocardial revas- 
cularization, and direct excision or ablation of the tissue 
responsible for the tachycardia is required [10]. Ventricu- 
lar fibrillation is not, however, a mappable arrhythmia as 
usually defined, and some authors [7, 11] have proposed 
that it be considered a marker for myocardial ischemia. 

Older studies on the effects of coronary artery bypass 
grafting on ventricular arrhythmias often focused on 
patients with nonsustained or exercise-induced ventricu- 
lar ectopia. Weiner and colleagues [12] showed that ven- 
tricular ectopia persisted after coronary artery bypass in 
patients with either fixed wall-motion abnormalities or 
residual ischemia. Lehrman and co-workers [13] also 
found no effect of bypass procedures on exercise-induced 
arrhythmias in their long-term study. 

In contrast, other studies have suggested that coronary 
artery bypass grafting may prevent sudden death. In an 
early study, Myerburg and associates [14] reported that 8 
patients with aborted sudden death survived long term 
after revascularization. Tresch and co-authors [15] de- 
scribed a decreased mortality after revascularization in a 
select group of survivors of sudden death. In the Coro- 
nary Artery Surgery Study (CASS) [16], coronary bypass 
procedures decreased the mortality due to sudden death, 
particularly in patients with triple-vessel coronary artery 
disease and left ventricular dysfunction. In contrast to 
these reports, however, we [17] and others [18] have 
noted that first episodes of sustained ventricular tachy- 
cardia or ventricular fibrillation can occur early after ‘an 
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otherwise successful revascularization procedure and that 
their appearance suggests an ominous prognosis. 

Only limited electrophysiological data about the effects 
of bypass grafting on induced sustained ventricular ar- 
rhythmias are available. Morady and associates [19] re- 
ported no late deaths or arrhythmia recurrences among 8 
patients in whom sudden death was aborted when they 
were treated by revascularization, but all 8 had had no 
inducible arrhythmia at a baseline electrophysiological 
study. Garan and co-workers [20] reported control of 
inducible ventricular tachycardia or ventricular fibrillation 
in 10 (59%) of 17 patients. All 4 patients with ventricular 
fibrillation at initial electrophysiological study had control 
of their arrhythmia. However, 8 of the remaining 13 
patients had only nonsustained ventricular tachycardia 
preoperatively. Because these authors used only two 
extrastimuli in their protocol, it is difficult to evaluate 
whether ventricular fibrillation or ventricular tachycardia 
was the baseline arrhythmia in these 8 patients. 

In this study, we selected only patients with sustained 
ventricular fibrillation that was shown not to be preceded 
by monomorphic ventricular tachycardia. In these pa- 
tients, the response to coronary artery bypass grafting 
was unpredictable; 5 of the 8 became arrhythmia free but 
3 had spontaneous recurrences of ventricular fibrillation 
despite apparently adequate revascularization. Clinical 
variables could not be used in this series to select those 
patients whose arrhythmias were controlled after coro- 
nary artery bypass grafting. The presence of preoperative 
unstable angina did not ensure control, as only 2 of 4 
patients with that finding responded. Our series included 
only 1 patient who did not have akinetic or dyskinetic 
regions at left ventriculography, and it is possible that 
patients with normal left ventricular function and ventric- 
ular fibrillation may have a higher response rate to coro- 
nary bypass procedures. The results of Garan and associ- 
ates [20] and the CASS study [16] would support this last 
hypothesis, as the patients in those studies had higher 
mean left ventricular ejection fractions than did our pa- 
tients whose mean ejection fraction was only 39%. The 
mechanism by which inducible arrhythmias respond to 
revascularization is uncertain, but it is possible that clin- 
ically silent resting ischemia is present in some patients 
during the electrophysiological studies. Such potentially 
reversible ischemia may contribute to the electrophysio- 
logical substrate necessary to induce ventricular fibrilla- 
tion. 

The data presented in this study indicate that coronary 
artery bypass grafting should not be presumed to provide 
effective therapy for patients with cardiac arrest and 
ventricular fibrillation. In a patient resuscitated from 
cardiac arrest, preoperative studies are necessary to char- 
acterize fully the patient's arrhythmia. Even if these 
studies suggest that the patient is susceptible only to 
polymorphic arrhythmias, the effects of coronary artery 
bypass grafting on these arrhythmias are not completely 
predictable. Appropriate postoperative monitoring and 
electrophysiological testing are indicated in all such pa- 
tients. In select patients, implantation of defibrillating 
leads with later implantation of an automatic implantable 
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cardioverter defibrillator, if postoperative studies are pos- 
itive, may be the most expeditious surgical approach. In 
some patients, defibrillator implantation may be prefera- 
ble to long-term amiodarone therapy with its occasionally 
toxic side effects. 
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REVIEW OF RECENT BOOKS 


Atlas of Pulmonary Resections, Second Edition 
By Bujord H. Burch and Watts R. Webb 
Springfield: Charles C. Thomas, 1988 

246 pages, illustrated 


Reviewed by Richard M. Peters, MD 


This is the second edition of the Atlas of Pulmonary Resections by 
Burch and Webb. In my opinion it represents an excellent 
addition to the atlases of pulmonary resections. Burch and Webb 
start the book with general discussions of one-lung anesthesia 
and all of the procedures such as cricothyroidotomy and medi- 
astinascopy, including a good discussion of the three-stage 
thoracoplasty which is not so readily available today. They then 
proceed with a section on technical considerations and proce- 
dures during pulmonary resections. The only thoracotomy inci- 
sion they describe is the classic posterolateral thoracotomy inci- 
sion with the division of all the muscles. It is regrettable that they 
have not included more conservative muscle-sparing incisions, 
which are gaining so much justified popularity at this time. They 
go into some detail about the techniques of dissection of pulmo- 
nary vessels, but have only a very minor discussion of staplers 
throughout the total presentation. For the uninitiated there are 
some relatively detailed discussions of techniques of repair of 
lacerations of the pulmonary arteries and veins. They also 
provide descriptions of intrapericardial approaches to both pul- 
monary arteries and all four pulmonary veins. They conclude this 
with sections on closure of the bronchus using a stapler, with 
standard end-over sutures, or with breaking up the bow. They 
have a short discussion on postoperative care at the end of this 
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section, which is disappointing to me in that they bring up none 
of the newer methods of pain control and concentrate on endo- 
tracheal suction rather than on making it easier for the patient to 
cough. 

The final section of the book and the major portion of it is a 
section on pulmonary resections. This portion of the book is 
notable because it actually contains drawings and descriptions of 
segmental resections of the various segments of both lungs. 
These are both complete and easy to follow. This is, of course, a 
much needed area and will be very useful to surgeons who are 
not frequently doing these types of procedures. 

The discussions are simple, and in some areas not as complete 
as this reviewer would like. I would have some differences with 
them. The description of the anatomy through the mediastino- 
scope could be clearer. I would differ with Burch and Webb in 
their bronchial closure with nonabsorbable sutures. We now 
have good evidence that synthetic absorbable sutures are supe- 
rior. They also advocate an on the table roentgenogram on all 
thoracotomy patients to be sure a sponge isn’t left in the chest. I 
believe that is unnecessary and that a brief discussion on careful 
inspection of the chest cage would be more in order. I also would 
differ with them on their description of resection of blebs because 
they resect and remove the blebs, and it is my opinion that it is 
better to leave the blebs in place because they are less likely to 
have leaks. These all, of course, are the personal opinions of a 
different surgeon, but over all this will be a very useful book to 
residents in training and for a reference book in all cardiothoracic 
surgeons’ libraries. 
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Inflammatory Pseudotumor of the Lung in Adults: 
Radiographic and Clinicopathological Analysis 


Teruyoshi Ishida, MD, Takeshi Oka, MD, Toyohiko Nishino, MD, 
Masahiro Tateishi, MD, Tetsuya Mitsudomi, MD, 


and Keizo Sugimachi, MD 


Second Department of Surgery, Faculty of Medicine, Kyushu University, Fukuoka, Japan 


Inflammatory pseudotumors of the lung are rare in 
adults. We treated 7 patients with such tumors and 
describe the histological evidence, radiographic find- 
ings, and surgical treatment. In 5 patients, lung cancer 
was suspected preoperatively on the basis of the radio- 
graphic findings. Intraoperatively, the gross appearance 
of the pleura resembled lung cancer in 6 patients; the 
parietal pleura was involved in 3, and pleural indenta- 
tion was present in the other 3. Two patients underwent 
partial resection, as the frozen section revealed a benign 


| Besa! pseudotumors of the lung are uncommon 
in the thoracic surgical literature. These lesions, which 
show a close radiographic resemblance to carcinoma of 
the lung [1], are nonneoplastic pulmonary masses of 
unknown etiology and are composed of a variety of 
inflammatory and mesenchymal cells, including plasma 
cells, histiocytes, lymphocytes, and spindle-shaped mes- 
enchymal cells [2]. These masses have been called plasma 
cell granuloma, postinflammatory pseudotumor, fibrous 
histiocytoma, fibroxanthogranuloma, and solitary mast 
cell granuloma [3]. The most commonly used names 
include inflammatory pseudotumor and plasma cell gran- 
uloma. 

We describe here the radiographic and histological 
characteristics of this lesion in 7 adults treated surgically 
for inflammatory pseudotumor of the lung. 


Material and Methods 


Seven patients with inflammatory pseudotumor of the 
lung were treated in the Second Department of Surgery, 
Faculty of Medicine, Kyushu University, between 1974 
and 1987. Age, sex, history of smoking, and history of 
lung infections were recorded. Routine physical examina- 
tion, chest roentgenography, computed tomography of 
the thorax, sputum cytology, bronchoscopy, hematology, 
and blood chemical analysis were done. The resected 
specimens were fixed in 10% formalin, paraffin sections 
were prepared, and the sections were stained with hema- 
toxylin and eosin. 
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tumor, and 5 patients underwent lobectomy for what 
appeared to be lung cancer or a large mass. All of the 
patients are doing well without other therapy. We be- 
lieve the lesion should be differentiated from lung cancer 
at operation by frozen sections, even though this proved 
pertinent in only 2 of the 7 patients. Limited resection is 
recommended if the lesion is an inflammatory pseudo- 
tumor. 


(Ann Thorac Surg 1989;48:90-5) 


Results 


Clinical Features 

The patients included 5 men and 2 women aged 28 to 73 
years (average age, 53 years). Five were asymptomatic, 
and 2 showed the usual symptoms related to lung dis- 
ease, including cough, sputum, and hemoptysis. There 
were 5 smokers, and the cigarette index of Geoffrey and 
associates [4] ranged from 160 to 1,050. 

Physical examination on admission was unremarkable. 
For all patients, the results of sputum cytology and 
bronchoscopy were negative for malignant cells. The 
laboratory data, including hematology, urinalysis, and 
blood chemistry, were within normal limits in most in- 
stances. 


Radiographic Findings 

The solitary mass was located in the right upper lobe in 3 
patients, the right lower lobe in 1 patient, the left upper 
lobe in 2, and the left lower lobe in 1 (Table 1). The edge 
of the mass was ill defined in 5 and well circumscribed in 
2. Among the 5 patients with ill-defined margins, 2 had 
spicular radiation resembling carcinoma (Fig 1A). Four 
patients had pleural indentation (Fig 1B), and 4 had 
cavitation (Fig 1C), with vascular convergence in 1. The 
two well-circumscribed masses showed round shadows 
with smooth borders (Fig. 1D). Computed tomography 
demonstrated the ill-defined solitary mass with spicular 
radiation resembling carcinoma in 5 patients (Fig 2A). The 
other 2 patients had a round solitary mass (Fig 2B), with 
irregular cavities in one mass (Fig 2C). Lung cancer was 
suspected preoperatively in 5 patients as a result of the 
radiographic examinations. 
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Table 1. Radiographic Evidence of Inflammatory Pseudotumor of Lung 





Patient Solitary Spicular 
No. Location Mass Radiation 
1 RLL Present Absent 
2 LUL Present? Absent 
3 RUL Present Present 
4 RUL Present Absent 
5 RUL Present? Absent 
6 LUL Present Present 
7 LLL Present Absent 





a This was one of two well-circumscribed lesions. 
LLL = left lower lobe; LUL = left upper lobe; 


Operative and Pathological Findings 
The diameter of the tumors ranged from 8 to 60 mm 
(mean diameter, 30 mm) (Table 2). Of the seven tumors, 
six were peripherally located and 1, centrally located. The 





RLL = right lower lobe; RUL = right upper lobe. 


Pleural 
Indentation 


Present 
Absent 
Present 
Present 
Absent 
Present 
Absent 





Vascular 
Cavitation Convergence 
Absent Absent 
Absent Absent 
Present Absent 
Present Present 
Present Absent 
Absent Absent 
Present Absent 





pleural changes resembled those of lung cancer. Three 





tumors partially involved the parietal pleura, and the 
others were covered with pleural indentation. Two pa- 
tients underwent partial resection of the lung, and the 


Fig 1. (A) (Patient 6.) Tomegram of 
the left chest shows a solitary nodular 
lesion with ill-defined margins. Note 
spicular radiation, which resembles that 
in lung cancer. (B) (Patient 3.) Tomo- 
gram of the right chest shows a nodular 
lesion with ill-defined margins. Note 
pleural indentation and spicular radia- 
tion, which are found in lung cancer. 
(C) (Patient 5.) Tomogram of the right 
chest shows a well-circumscribed lesion 
with irregular cavities. (D) (Patient 2.) 
Tomogram of the left chest shows a 
well-circumscribed round lesion, which 
appeared benign. 
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frozen section done intraoperatively revealed a “benign” 
tumor. The other 5 patients underwent lobectomy. Frozen 
section was not done because of the resemblance to lung 
cancer or large mass. 

Gross examination revealed a circumscribed mass and 
necrotic cavities in four of the masses. Microscopically, 
there was the absence of a true capsule and interstitial 
spread into the adjacent lung parenchyma, with trapping 
and preservation of small air spaces in the mass. 

Three different cell types were seen: plasma cells, 
spindle cell-like fibroblasts, and xanthomatous histio- 
cytes. Three of the inflammatory pseudotumors showed a 





ee 


eee 


Fig 2. (A) (Patient 4.) Computed tomogram reveals an ill-defined 
solitary mass with spicular radiation and pleural involvement resem- 
bling lung cancer. (B) (Patient 2.) Computed tomogram shows a dis- 
crete, solid, round mass. (C) (Patient 5.) Computed tomogram shows 
a well-circumscribed mass with irregular cavities and pleural involve- 
ment. 


typical plasma cell granuloma with residual bronchioles 
(Fig 3). Plasma cells were almost uniformly present, with 
only scattered fibroblasts or histiocytes representing other 
cell types. In three other pseudotumors, frequently con- 
spicuous cell components were spindle cells resembling 
fibroblasts with scattered plasma cell infiltration (Fig 4). 
Some bronchioles were also trapped at the periphery of 
the mass. In only one instance were there large numbers 
of xanthomatous histiocytes with infiltration of varying 
numbers of plasma cells and lymphocytes (Fig 5). 


Follow-up 


Follow-up ranges from 1 to 5 years. All patients are doing 
well, and there is no evidence of recurrence. 


Comment 


Inflammatory pseudotumor of the lung is a well- 
characterized clinical entity and on chest roentgenograms 
and computed tomograms resembles a tumor. Several 
terms have been used for this lesion, and it does not have 
a precise pathological classification [3]. The incidence of 


Table 2. Intraoperative Findings in Patients With Inflammatory Pseudotumor of Lung 











Patient Size Pleura Involved Frozen Section Predominant 

No. Location (mm) Macroscopically at Operation Operation Cell Type 

1 RLL (S6) 8x 8 Indentation No Lobectomy Spindle cell 

2 LUL (S1 + 2) 19 x 15 (Central area) No Lobectomy Spindle cell 

3 RUL (S3) 20 x 10 Indentation Yes Partial lung resection Plasma cell 

4 RUL (S3) 20 x 20 Parietal pleura Yes Partial lung resection Spindle cell 

5 RUL (82) 30 x 30 Parietal pleura No Lobectomy Xanthomatous histiocyte 
6 LUL (55) 60 x 60 Indentation No Lobectomy Plasma cell 

7 LLL (S10) 55 x 55 Parietal pleura No Lobectomy Plasma cell 





LLL = left lower lobe; LUL = left upper lobe; 


RLL = right lower lobe; 








RUL = right upper lobe; S = segment. 
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Fig 3. (Patient 6.) Photomicrographs show an inflammatory pseudotumor. (A) The mass has trapped bronchioles and has spread interstitially. (B) 
Plasma cell infiltration is predominant, but other inflammatory cells and mesenchymal spindle cells are present. (Both, hematoxylin and eosin; A, 
x80, B, x320 before 10% enlargement.) 





Fig 4. (Patient 2.) Photomicrographs show an inflammatory pseudotumor. (A) This lesion is composed predominantly of mesenchymal spindle 
cells, and there is trapping and preservation of air spaces. (B) The mesenchymal spindle cells are prominent, and there are a few plasma cells. 
(Both, hematoxylin and eosin; A, X80, B, x320 before 10% enlargement.) 
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inflammatory pseudotumor of the lung is reported to be 
0.7% of all pulmonary tumors [5]. These tumors most 
often occur in children less than 16 years of age [6]. 
Among 718 pulmonary tumors diagnosed in our depart- 
ment of surgery between 1974 and 1987, seven (1.0%) 
were inflammatory pseudotumors of the lung. 

Inflammatory pseudotumor of the lung is relatively 
difficult to diagnose [7]. In radiographic studies, there are 
no specific signs suggestive of the disease [8]. A well- 
circumscribed lesion is considered to be benign and a 
lesion with ill-defined margins, malignant. We noted 
lesions with spicular radiation, pleural indentation, vas- 
cular convergence, or a combination of these, findings 
closely resembling those in patients with lung cancer. 
Laboratory findings do not aid in establishing the diagno- 
sis of inflammatory pseudotumor [2]. Sputum and bron- 
choscopic studies also yield no evidence of organisms or 
malignant cells [7]. Repeat percutaneous needle biopsy 
has been recommended as a feasible approach to use in 
diagnosing inflammatory pseudotumor [9], but this 
method does not always rule out malignancy [10]. Only 
resection leads to an accurate diagnosis of these lesions. If 
the tumor is malignant, metastasis will occur; hence, the 
lesions are treated surgically. 

In some lesions, the intraoperative gross appearance 
resembles that of lung cancer with pleural indentation or 
parietal pleural involvement. If an inflammatory pseudo- 
tumor is suspected at operation, partial resection and 
frozen section is recommended [11]. When the lesion is 
benign, a limited resection is indicated. When a limited 
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Fig 5. (Patient 5.) Photomicrographs reveal an inflammatory pseudotumor with a predominant pattern of xanthomatous histiocytes. Large xan- 
thomatous histiocytes are present among the plasma cell infiltrations. (Both, hematoxylin and eosin; A, x126, B, x320 before 10% enlargement.) 


resection is difficult or the diagnosis of malignancy cannot 
be excluded, lobectomy is done [2]. 

The etiology of this lesion is unclear. Infection or 
inflammatory agents have been identified [2]. Other sus- 
pected causes include viral infection, immunological reac- 
tion, and disorders of cholesterol metabolism [7]. How- 
ever, inflammatory pseudotumor of the lung has been 
regarded as a variant of an inflammatory repair process 
rather than a true neoplastic process [12]. Immunohisto- 
chemically, the plasma cells infiltrating this lesion show 
polyclonality [13, 14]. 

We emphasize the difficulty of establishing preopera- 
tively the diagnosis of inflammatory pseudotumor of the 
lung. This lesion must be kept in mind when adults are 
seen with radiographic findings suggestive of lung can- 
cer, especially when sputum cytology and bronchoscopic 
biopsy are negative for malignant cells. If the lesion seems 
to be an inflammatory pseudotumor, we recommend a 
limited pulmonary resection. 








We thank M. Ohara for critical comments. 
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The Effect of Fluorocarbon Emulsion on 24-Hour 


Canine Heart Preservation by Coronary Perfusion 


Hidenori Gohra, MD, Fumiki Mori, MD, and Kensuke Esato, MD 
First Department of Surgery, Yamaguchi University School of Medicine, Ube, Japan 


This study was designed to evaluate the effects of fluo- 
rocarbon emulsion as an oxygen carrier in myocardial 
preservation. The hearts were preserved for 24 hours by 
coronary perfusion with either oxygenated crystalloid 
cardioplegic solution (group C) or crystalloid cardiople- 
gic solution with fluorocarbon added (group FC). The 
perfusion pressure was kept at 20 mm Hg, and myocar- 
dial temperature was maintained at 4°C. Group FC dem- 
onstrated better recovery in developed pressure and 
maximum rate of rise of left ventricular pressure com- 
pared with group C. The postpreservation end-diastolic 
pressure in group C increased significantly compared 


he operative techniques involved in heart transplan- 
tation have progressed substantially since Hardy and 
associates [1] reported clinical heart transplantation in 
1964. However, long-term heart preservation is one of the 
major limiting factors in heart transplantation. There are 
two methods of heart preservation. One is coronary 
perfusion, and the other is simple immersion. It has been 
suggested that coronary perfusion is superior to simple 
immersion for long-term preservation. Many methods of 
coronary perfusion have been reported. Myocardial cool- 
ing and oxygenation of the perfusate reduce anaerobic 
metabolism and maintain energy stores during ischemia, 
respectively. This study was designed to evaluate the 
effect of fluorocarbon emulsion [2] as an oxygen carrier in 
myocardial preservation. 


Material and Methods 


Thirteen dogs weighing 10 to 15 kg were anesthetized 
with thiamylal sodium (10 to 20 mg/kg) and maintained 
on a volume-controlled respirator with room air. The right 
femoral artery and femoral vein were cannulated for 
blood sampling and for fluid infusion, respectively. The 
heart was exposed through a thoracotomy in the right 
fourth intercostal space. The azygos vein was ligated and 
divided. After systemic heparinization (3 mg/kg), 200 mL 
of blood was removed through the catheter in the femoral 
artery. A large needle was inserted into the root of the 
aorta for the infusion of cardioplegic solution. After the 
ascending aorta was clamped, 100 mL of cold (4°C) 
crystalloid cardioplegic solution was infused, and ice 
slush was poured over the heart. At the same time, the 
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with the baseline value (value obtained before preserva- 
tion). On the other hand, group FC showed no significant 
increase of end-diastolic pressure after preservation. 
Group FC released a significantly lower level of creatine 
kinase into its perfusate than did group C. Ultrastruc- 
tural changes after preservation in group C showed 
severe ischemic injury, but there was no evidence of 
ischemic injury in group FC. The use of fluorocarbon 
emulsion proved beneficial to myocardial protection in 
long-term preservation of canine hearts. 


(Ann Thorac Surg 1989;48:96-103) 


superior and inferior venae cavae were ligated and the 
right atrial appendage was incised. 

The heart was excised immediately after cardiac arrest 
and immersed in cardioplegic solution (4°C). A cannula 
was inserted into the aortic stump for perfusion, and a 
latex balloon was positioned in the left ventricle through 
the mitral annulus to measure intracavitary pressure. The 
isolated -heart was suspended in a perfusion circuit 
primed with autogenous blood and Ringer's lactate. 

Baseline measurements of isovolemic left ventricular 
function were taken during right ventricular pacing at 120 
beats per minute. The perfusion pressure was kept at 80 
mm Hg. After the baseline measurements had been 
completed, 100 mL of cardioplegic solution was infused to 





io—+-—-0 
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Fig 1. Preservation apparatus. (H = heat exchanger; O = oxygen- 
ator; R = roller pump; S = sensor of pressure, pH, and temperature.) 
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Table 1. Composition of Perfusates 


Variable Group C Group FC 
Na (mEq/L) 25.2 76.4 

K (mEq/L) 23.0 23.0 
Ca (mEq/L) 1.3 1.3 
Mg (mEq/L) 5.0 3.1 

Cl (mEq/L) 26.6 69.2 
Glucose (g/L) 50.0 25.9 
pH 7.98 (4°C) 8.00 (4°C) 
Osmolarity (mosm/L) 380-400 330-350 
Oncotic pressure (mm H,O) sop 380-395 
Soluble oxygen (mL/L) 14.3 + 4.9 44.5 + 6.1 


induce cardiac arrest. After this, the heart was transferred 
to the preservation apparatus (ORPH 2000 C; Senkoh 
Medical Instruments, Tokyo, Japan) (Fig 1). 

The heart was preserved for 24 hours by coronary 
perfusion with either oxygenated crystalloid cardioplegic 
solution (group C; n = 6) or crystalloid cardioplegic 
solution with fluorocarbon added (group FC; n = 7). The 
composition of the two perfusates is shown in Table 1. 
The perfusate used in group FC was formulated by mixing 
equal parts of fluorocarbon (FC-43 Emulsion) (The Green 
Cross Corp, Tokyo, Japan) and group C perfusate. Then 
potassium chloride was added to give a concentration of 
23 mEq/L of potassium. The perfusion pressure was kept 
at 20 mm Hg, the myocardial temperature was maintained 
at 4°C, and the perfusate pH was kept at 8.0. The volume 
of perfusate used was 1 L, and this was recirculated. 
When the perfusate pH decreased, it was regulated with 
bicarbonate. 

After 24-hour preservation, the heart was removed 
from the preservation apparatus and reperfused with 
normothermic blood on the perfusion circuit for 60 min- 
utes. Postpreservation left ventricular function was mea- 
sured at 60 minutes under the same conditions as the 
baseline measurement. A biopsy sample was taken from 
the left ventricular apex before and after reperfusion to 
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measure myocardial water content and evaluate ultra- 
structural change. The total creatine kinase (CK) level of 
the perfusate after preservation was measured. 


Isovolemic Left Ventricular Function 


The left ventricular intraballoon pressures and maximum 
rate of rise of left ventricular pressure were measured at 
5-mL increments of balloon volume (from 5 to 20 mL) 
using a four-channel polygraph (amplifier Case 7746; 
San-ei Corp, Tokyo, Japan) and recorded with a pen 
oscillograph (8 KII; San-ei Corp). For each balloon volume, 
the ratios of the postpreservation and baseline values 
(percent recovery) of left ventricular developed pressure 
and maximum rate of rise of left ventricular pressure were 
calculated. Equations for the slope of the end-systolic 
pressure-volume relation, E max, representing contractil- 
ity, and the slope of the volume—end-diastolic pressure 
relation, distensibility, representing compliance, were 
constructed. 


Myocardial Water Content 

Samples were desiccated for 48 hours at 60°C. Then the 
water content was calculated using the following equa- 
tion: 


Myocardial water content (%) = 


(1 — [dry weight/wet weight]) x 100. 


Coronary Resistance 

Perfusion pressure was maintained at 80 mm Hg by 
adjusting the rotation frequency of the roller pump. 
Coronary flow was calculated from the flow volume per 
rotation and the frequency of revolution in the perfusion 
circuit. Coronary resistance was calculated using the 
following equation: 


Coronary resistance (mm Hg/mL/s) = 80/coronary flow. 


Total Creatine Kinase Release 

The amount of CK released into the perfusate during 
24-hour preservation per 100 g of left ventricle was mea- 
sured to determine the extent of myocardial injury. Cre- 
atine kinase was measured by the UV method. 


Table 2. Left Ventricular Function at Baseline (Before Preservation)*” 





Group C 


Balloon Volume (mL) 





Group FC 





Variable 5 10 15 


Developed pressure 40.7 +7.1 61.5 + 11.4 
(mm Hg) 


dP/dtmax (mm Hg/s) 


LVEDP (mm Hg) 0.7407 432415 10.2435 
` E max (mm Hg/mL)* 4.47 + 0.95 
Distensibility 1.85 + 0.40 


(mL/mm Hg)* 


2 Data are shown as the mean + the standard error of the mean. 
function between group C and group FC. 


dP/dtax = maximum rate of rise of left ventricular pressure; 


79.0 + 11.6 93.3 + 13.1 38.1442 65.1 + 9.7 


E max = contractility; 


20 5 10 15 20 





88.0 + 14.1 102.4 + 13.7 


633 + 84.5 950 + 204.5 1267 + 233.5 1483 + 244.1 750 =+ 99.2 993 + 153.6 1293 + 212.5 1464 + 252.9 
15.0 + 4.0 


0.4+0.4 3.40.9 7.4 1.4 
5.36 + 0.81 


1.69 + 0.38 


11.1 + 1.8 


b No significant differences were found in baseline measurements of left ventricular 
€ Balloon volumes were not applicable for these measurements. 
PP 


‘ 


LVEDP = left ventricular end-diastolic pressure. 
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Fig 2. Percent recovery of developed pressure. % 
Group FC demonstrated better recovery than 

group C at ballocn volumes of 5 mL (p < 0.05), 

15 mL (p < 0.02), and 20 mL (p < 0.01). (SEM 

= standard error oj the mean.) 100 


Ultrastructural Appearance 

Transmural specimens were fixed in 2.5% glutaraldehyde 
in 0.1 mol/L of cacodylate buffer, postfixed in 1% osmium 
tetroxide, and embedded in Epon-araldite. Ultrathin sec- 
tions were made and stained with uranyl acetate and lead 
citrate for electron microscopic examination EM-2000 
CX; Nippon Denshi Corp, Tokyo, Japan). 

A comparison of ultrastructural changes in the hearts of 
group C versus the hearts of group FC was conducted by 
evaluating the density of glycogen granules, interstitial 
edema, and mitochondria. Mitochondrial scores were 
calculated by the method of Hashiba [3]. For each heart, 
five electron micrographs of the midmyocardial layer 
were taken. In each micrograph, five mitochondria were 
graded with a score of 0 through 4, as described by 
Jennings and Ganote [4]. Therefore, a total of 25 mito- 


Fig 3. Percent recovery of maximum rate of rise 
of left ventricular pressure. Group FC demon- 
strated better recovery at balloon volumes of 5 mL, 
15 mL, and 20 mL (p < 0.05). (SEM = standard 
error of the mean.} 100 
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*P<0.05 
**P<O0.01 
meant SEM 






Group C 


Group FC 


ia 
10 15 20 ml 
Balloon Volume 


chondria were evaluated, and the mitochondrial score 
ranged from 0 through 100. 


Data Analysis 

Statistical analysis was performed using Student's f test. 
The values were expressed as the mean + the standard 
error of the mean. Two values were considered signifi- 
cantly different if the p value was less than 0.05. 


Results 


No significant differences were found between group C 
and group FC for baseline left ventricular function (Table 
2). 


*P<0.05 
mean + SEM 


Group C 


Group FC 


J id 
10 15 20 ml 
Balloon Volume 
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Pre-Preservation 


Post-Preservation 





Group C Group FC 


Fig 4. End-systolic pressure-volume relationship or E max. Neither 
group showed a significant decrease in the value obtained after preser- 
vation compared with tke baseline value. Values are shown as the 
mean + the standard error of the mean. 


Isovolemic Left Ventricular Function 

The percent recovery of left ventricular developed pres- 
sure after preservation in group C was 78.7% + 8.2% ata 
balloon volume of 5 mL, 77.5% + 7.8% at 10 mL, 72.5% + 
5.1% at 15 mL, and 67.5% + 5.9% at 20 mL. The values in 
group FC were 103.4% + 5.2% at 5 mL, 97.0% + 4.0% at 
10 mL, 97.4% + 6.0% at 15 mL, and 96.0% + 6.6% at 20 
mL. Group FC demonstrated significantly better recovery 
of developed pressure than group C at balloon volumes of 


* 
mmHg Í 


30 30 







20 





5 10 15 20 ml 5 10 


Group C 
Balloon Volume 


*P<0.05 
mean+SEM 


O=Post-Preservation 
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5, 15, and 20 mL (p < 0.05, p < 0.01, and p < 0.01, 
respectively) (Fig 2). 

The percent recovery of maximum rate of rise of left 
ventricular pressure after preservation in group C was 
70.5% + 13.7% at a balloon volume of 5 mL, 71.0% + 
17.2% at 10 mL, 62.3% + 11.3% at 15 mL, and 62.5% + 
9.5% at 20 mL. The values in group FC were 115.7% + 
12.8% at 5 mL, 111.6% + 11.8% at 10 mL, 100.1% + 9.3% 
at 15 mL, and 94.0% + 8.9% at 20 mL. Group FC 
demonstrated significantly better recovery of maximum 
rate of rise of left ventricular pressure than group C at 
balloon volumes of 5, 15, and 20 mL (p < 0.05) (Fig 3). 

In both groups, postpreservation Emax showed no sig- 
nificant decrease compared with the baseline value (Fig 
4). 

Postpreservation left ventricular end-diastolic pressure 
in group C increased significantly compared with the 
baseline value at balloon volumes of 15 and 20 mL (p < 
0.05). This indicates a decrease in the compliance of the 
left ventricle after preservation. In contrast, group FC 
showed no significant increase in postpreservation end- 
diastolic pressure, and the compliance of the left ventricle 
was almost unchanged after preservation (Fig 5). 

In group C, postpreservation left ventricular distensi- 
bility (0.58 + 0.08 mL/mm Hg) decreased significantly 
compared with the baseline value (1.85 + 0.40 mL/mm 
Hg) (p < 0.05). In group FC, the baseline value was 1.69 + 
0.28 mL/mm Hg and the postpreservation value, 1.41 + 
0.22 mL/mm Hg; there was no significant decrease in left 
ventricular distensibility after preservation (Fig 6). 


Myocardial Water Content 


The values for myocardial water content at baseline and 
after reperfusion were 80.0% + 1.1% and 83.7% + 1.0% in 
group C and 74.3% + 1.2% and 79.1% + 0.6% in group 
FC, respectively. In both groups, postreperfusion myo- 


Fig 5. Relationship between left ventricular end-dias- 
tolic pressure and balloon volume. The end-diastolic 
pressure after preservation in group C increased sig- 
nificantly compared with the baseline value at balloon 
volumes of 15 and 20 mL (p < 0.05). On the other 
hand, group FC showed no significant increase. (SEM 
= standard error of the mean.) 


20 mi 


Group FC 
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Fig 6. Distensibility. In group C, distensibility decreased significantly 
after preservation compared with baseline (p < 0.05). Group FC, on 
the other hand, showed no significant decrease. (SEM = standard 
error of the mean.) 


cardial water content increased significantly compared 
with the baseline value, but for both values, group FC 
showed signizicantly lower water content than group C (p 
< 0.01) (Fig 7). 


Coronary Resistance 


The values for coronary resistance at baseline and after 
preservation were 59.3 + 13 mm Hg/mL/s and 71.1 + 16 


% * P<0.01 i 
.01 vs Pre-Reperfusion 
90 T P<0.01 vs Group ¢ 
meant SEM 
* 
Pre-Reperfusion 
80 
ł 
Post-Reperfusion 
70 
UAA _ 
Group C Group FC 


Fig 7. Myocardial water content. For both the baseline and postreper- 
fusion values, group FC showed significantly lower water content 
than group C (p < 0.01). (SEM = standard ervor of the mean.) 
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Fig 8. Coronary resistance. There was a significant increase in coro- 
nary resistance after preservation in both groups compared with base- 
line (p < 0.05). (SEM = standard error of the mean.) 


mm Hg/mL/s in group C and 59.5 + 22 mm Hg/mL/s and 
68.3 + 25 mm Hg/mL/s in group FC, respectively. The 
postpreservation coronary resistance was significantly 
higher than the baseline value in both groups (p < 0.05), 
but there was no significant difference in coronary resis- 
tance between group C and group FC (Fig 8). 


Total Creatine Kinase Release 


The amount of CK released into the perfusate was 407.2 + 
27.8 IU/100 g of left ventricle in group C and 75.4 + 14.2 


*P<0.01 
mean: SEM 
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Fig 9. Total creatine kinase release. Group FC released a significantly 
lower level of creatine kinase into its perfusate than did group C (p < 
0.01). (SEM = standard error of the mean.) 
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TU/L/100 g of left ventricle in group FC. Group FC released 
a significantly lower level of CK into its perfusate than 
group C (p < 0.01) (Fig 9). 


Ultrastructural Appearance 


Severe ischemic injury in group C hearts after reperfusion 
was indicated by marked mitochondrial swelling, cristal 
disruption, marked intracellular edema, and myofibrillar 
damage. There was no evidence of ischemic injury in 
hearts from group FC after reperfusion (Fig 10). In group 
FC, the density of glycogen granules was high and 
interstitial edema was slight compared with the findings 
in group C. In group C, the postreperfusion mitochon- 
drial score was significantly lower than the baseline score. 
In contrast, group FC did not demonstrate a significant 


Table 3. Ultrastructural Changes* 
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Fig 10. Ultrastructural appearance. In 
group C, severe ischemic injury was indi- 
cated by marked mitochondrial swelling 
(white arrow), cristal disruption, marked 
intracellular edema (black arrow), and 
myofibrillar damage. Group FC showed no 
evidence of ischemic injury. (Uranyl ace- 
tate and lead citrate; x5,000.) 


change in the mitochondrial score after reperfusion (Table 
3). 


Comment 


The reduction of myocardial energy requirements, the 
supply of oxygen and substrate to meet basal aerobic 
metabolic demands, and the washout of metabolic prod- 
ucts are considered essential for the long-term preserva- 
tion of an excised graft. For this reason, hypothermic 
continuous-perfusion preservation, as reported by Proc- 
tor and Parker [5], is superior to simple immersion. Since 
this system was introduced, various improvements in 
perfusates and perfusion methods have been reported [6]. 











Group C Group FC 
Before After Before After 

Variable Reperfusion Reperfusion Reperfusion Reperfusion 
Density of glycogen granules 

High 1 0 4 3 

Moderate 3 1 3 

Low 2 5 0 0 
Interstitial edema 

Slight 3 0 7 6 

Moderate 3 6 0 1 

Severe 0 0 0 0 
Mitochondrial score” 76.5 + 4.4 58.3 + 6.6 81.0 + 5.2 76.7 + 8.7% 





* The integers represent the number of hearts affected and the extent of the change. In group FC, density of glycogen granules was high and interstitial 
edema was slight compared with group C. In group C, mitochondrial score after reperfusion was significantly lower than the baseline score. In group FC, 


there was no significant change in the score after reperfusion. 
versus baseline. 4 Significance: p < 0.01 versus group C. 


> Data are shown as the mean + the standard deviation. 


€ Significance: p < 0.01 
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Oxygen Supply 

It has been clearly shown that blood cardioplegia supply- 
ing oxygen and substrate markedly enhances myocardial 
protection in clinical open heart operations. Buckberg [7] 
showed that blood cardioplegia is effective with respect to 
delivery of oxygen, production of adenosine triphosphate 
(ATP), maintenance of oncotic pressure, and buffer capac- 
ity. It is well known that hypothermia lowers energy 
requirements. However, the adverse effects of hypother- 
mia are possible sludging and aggregation of red blood 
cells and increased viscosity, which may impair subse- 
quent capillary perfusion. Also, the shift to the left of the 
oxygen-hemoglobin dissociation curve caused by hypo- 
thermia diminishes oxygen supply capability. Daggett 
and associates [8] compared oxygenated blood cardiople- 
gia and oxygenated crystalloid cardioplegia for myocar- 
dial protection. They demonstrated that blood cardiople- 
gia is superior to crystalloid cardioplegia at a myocardial 
temperature of 20°C but not 10°C. l 

In contrast, FC-43 Emulsion is a perfluorocarbon solu- 
tion characterized by high oxygen solubility and high 
oxygen delivery over a wide temperature range. FC-43 
Emulsion is much smaller in diameter than a red blood 
cell, and the oxygen dissociation curve for perfluoro- 
carbon is linear rather than sigmoid, whereas the same 
temperature reduction leads to increased oxygen delivery 
with perfluorocarbon. Kanter and associates [2] compared 
perfluorocarbon cardioplegia, crystalloid cardioplegia, 
and blood cardioplegia. They reported that perfluoro- 
carbon cardioplegia was superior to the other two, and 
they also found that the oxygen tension of the myocar- 
dium and the oxygen consumption at 17°C with blood and 
crystalloid cardioplegia were not significantly different. 
Rousou and associates [9] reported good preservation of 
ATP using perfluorocarbon cardioplegia. 

In this study, the oxygen tension of the perfusate was 
259.6 + 88.7 mm Hg for group C and 412.3 + 56.3 mm Hg 
for group FC, and dissolved oxygen was 14.3 + 4.9 mL of 
O,/L for group C and 44.5 + 6.1 mL of OXL for group FC. 
Bodenhamer and associates [10] calculated oxygen deliv- 
ered and consumed by measuring the oxygen content of 
the afferent and efferent cardioplegic solution in their 
comparative study of oxygenated versus nonoxygenated 
crystalloid cardioplegia. They demonstrated that there 
was no difference in the ratio of the oxygen consumed to 
the oxygen delivered (consumption oxygen/delivery oxy- 
gen) between the two groups despite a significant differ- 
ence for the delivery oxygen between the two groups. The 
ratio was about 0.54 in both groups. 

In our study, the delivery oxygen was 0.202 + 0.069 mL 
of O,/min/100 g of left ventricle for group C and 0.521 + 
0.071 mL of O,/min/100 g of left ventricle for group FC. If 
the consumption oxygen was 54% of the delivery oxygen, 
it would be 0.109 + 0.037 mL of O,/min/100 g of left 
ventricle for group C and 0.281 + 0.038 mL of O2/min/100 
g of left ventricle for group FC. The metabolic requirement 
of the heart has been reported to be 0.43 mL of O,/min/100 
g of left ventricle at 25°C, 0.27 mL of O,/min/100 g of left 
ventricle at 15°C, and 0.13 mL of O,/min/100 g of left 
ventricle at 5°C [11]. In group FC, the oxygen consump- 
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tion met this demand and aerobic metabolism could be 
maintained. Only 2 mol of ATP are produced for every 
mole of glucose in anaerobic metabolism; however, 38 mol 
of ATP are produced in aerobic metabolism. Therefore, 
aerobic metabolism is essential to preserve levels of ATP 
and myocardial viability. We believe that provision of an 
adequate oxygen supply was one of the major factors that 
contributed to the improved preservation of hearts in 
group FC as opposed to group C. 


Osmotic or Oncotic Pressure 


Myocardial edema is a frequent consequence of ischemic 
damage. To keep the fluid within the vascular spaces, the 
perfusate must have sufficient osmotic or oncotic pres- 
sure. The ideal osmotic pressure has been reported to be 
300 mosm/L by Hearse and associates [12] and 460 to 480 
mosm/L by Thomas and colleagues [13]. In the present 
study, the osmolarity of the perfusate was 380 to 400 
mosm/L in group C and 330 to 350 mosm/L in group FC. 
The perfusate used in group FC contained oncotic pres- 
sure, but the perfusate used in group C did not. Though 
the ideal oncotic pressure has not yet been established, 
abnormal ultrastructural appearance was less in group FC 
than group C. It is believed that the reasons for this were 
the preservation of the cell volume—regulating mechanism 
because an adequate level of ATP was maintained and 
because of the presence of oncotic pressure in the perfus- 
ate of group FC [7, 10]. 


Perfusate 

POTASSIUM. The ideal potassium concentration has not 
been established. It has been reported that the potassium 
concentration should not exceed 40 mEq/L because higher 
levels of hyperkalemia alter cell membrane permeability 
so that extracellular calcium flows into the cell and raises 
energy requirements [14]. However, other reports have 
stated that the potassium concentration in the perfusate 
should be similar to that in the intracellular fluid because 
the sodium-potassium pump is inactive at temperatures 
lower than 10°C and therefore the gradient between 
intracellular and extracellular potassium concentration is 
not regulated [13, 15]. In this study, the potassium con- 
centration was 23 mEq/L in both groups. 


CALCIUM. A calcium-free perfusate leads to “calcium par- 
adox [16]” as a result of altered membrane permeability to 
calcium during reperfusion, and a perfusate with a high 
calcium concentration causes systolic arrest known as 
“stone heart” [17] and myocardial damage. Amano [18] 
showed that the optimum calcium concentration of car- 
dioplegia was 2 mEq/L. In this study, the calcium concen- 
tration of the perfusate was 1.3 mEq/L in both groups. 


MAGNESIUM. Magnesium is predominantly an intracellular 
ion. It is a vital cofactor in various enzyme reactions and 
also protects the myocardial mitochondria. 


Perfusion Pressure 

If the perfusion pressure is lowered, the oxygen supply to 
the myocardium will also decrease. A high perfusion 
pressure can cause damage to the capillary beds, which 
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leads to myocardial edema. Many investigators have 
maintained perfusion pressure at 5 to 20 mm Hg [5, 6]. In 
this study, to supply as much oxygen as possible, the 
' perfusion pressure was maintained at 20 mm Hg. During 
the 24-hour preservation, the coronary flow showed 1 no 
remarkable changes in either group. 


Hypothermia 


The lower the perfusion temperature, the lower the en- 
ergy requirements. However, even at temperatures of less 
than 0°C, metabolic activity still takes place, and freezing 
injury occurs at temperatures lower than 0°C. Many 
investigators have kept the temperature between 4° and 
7°C [6, 19]. However, it has been reported that 15°C is the 
optimal temperature [20]. A consensus on the ideal tem- 
perature of the perfusate has not yet been established. 


Alkalinity 

Many studies indicate that the pH of the perfusate should 
be kept at the “normal” level of 7.40. Mendler and 
associates [6] reported that the ideal pH is 7.40. It is well 
known that the neutral point of water is temperature 
dependent and rises as the temperature increases because 
of changes in the ionization constant (A pH/°C = 0.015). 
Becker and associates [21] demonstrated that lactate me- 
tabolism remained normal and that left ventricular perfor- 
mance returned to its preischemia level when the pH was 
adjusted to produce relatively alkalinity. The ideal pH 
was reported to be 8.0 to 8.1 at 17°C by Buckberg [7]. In 
our study, pH was kept at 8.0 at 4°C. 


Evaluation of Preserved Heart Viability 


An indicator of preserved heart viability has not yet been 
established. During long-term preservation, the initial 
phase of functional deterioration in ischemic myocardium 
is characterized by a decrease in compliance rather than 
contractility. In group FC, neither compliance nor contrac- 
tility decreased significantly. The amount of released CK 
was reported to be a good indicator of the viability of the 
preserved heart by Mendler and co-workers [6]. In group 
FC, the amount of CK released into the perfusate was 
significantly lower than in group C. Badenhamer and 
associates [10] demonstrated that increased myocardial 
water content is related to decreased levels of ATP. In 
group FC, myocardial edema was significantly lower than 
in group C, thus suggesting that ATP levels were well 
preserved in group FC. 


Conclusion 


We conclude that in 24-hour preservation of the isolated 
canine heart by continuous hypothermic low-pressure 
coronary perfusion, the use of fluorocarbon emulsion as 
an oxygen carrier is beneficial for myocardial protection. 
The major factors responsible for the excellent viability of 
hearts preserved with fluorocarbon emulsion are ade- 
quate oxygen supply and oncotic pressure in the medium. 
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` Twenty-five patients (11 men and 14 women) aged 80 to 
88 years (mean age, 82 years) underwent valve replace- 
ment at St. Louis University from August 1980 to June 
1988. Isolated valve replacement was performed in 11 
patients. Combined procedures included valve replace- 
ment with myocardial revascularization (7 patients), 
multiple valve procedures (5 patients), and ascending 
aortic plication (2 patients). Fifteen patients (60%) were 
in New York Heart Association functional class III and 10 
(40%) were in class IV preoperatively. The operative 
mortality was 20% and late mortality was 20% (mean 
follow-up, 36 months). Isolated valve replacement car- 
ried a 9% early and 0% late mortality, whereas combined 


he number of people 80 years of age or older in the 

American population is increasing [1]. In 1980, the 

‘US Bureau of Census [2] reported that 43% of all Ameri- 

cans will reach the age of 80 years and live an average of 

nearly 8 more years. Approximately 40% of all octogenar- 

ians have symptomatic heart disease, and some will be 
candidates for valve operations [3]. 

Over the last two decades, there has been a decrease in 
the morbidity and mortality of operation fcr valvular heart 
disease. This improvement is due to better myocardial 
preservation, continued refinement of surgical tech- 
niques, and improvement in valve prostheses. Notwith- 
standing, there continues to be a delay in referral of aged 
patients with valvular disease until the pathological pro- 
cess has progressed to an advanced state. Several recent 
studies [4, 5] have reported excellent results in cohorts of 
septuagenarians undergoing valve operations. Based on 
this success, surgeons are now undertaking valve opera- 
tions in patients over the age of 80 years. To determine the 
efficacy of valve replacement in the octogenarian, we 
reviewed the course of our operative patients 80 years of 
age or older with regard to morbidity, mortality, postop- 
erative function, and longevity. 


Patients and Methods 


During the period of August 1980 to June 1988, 28 valve 
operations (aortic valve replacement, 12; mitral valve 
replacement, 8; combined aortic and mitral repair or 
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procedures of any type had a 16% early and 20% late 
mortality. Only 7 patients (28%) had a completely un- 
complicated postoperative hospitalization. Twenty pa- 
tients were discharged after a mean hospital stay of 18 + 
16 days. Their mean New York Heart Association func- 
tional class was 1.6 + 0.66. The 1-year and 2-year actuar- 
ial survival rate is 79% and 69%, respectively. A signifi- 
cant increase in operative mortality is seen when valve 
replacement is combined with myocardial revasculariza- 
tion or an additional valve procedure. Late clinical im- 
provement, as judged by return to an independent life- 
style, justifies this approach for select patients. 

(Ann Thorac Surg 1989;48:104-8) 


replacement, 5) were performed in 25 patients 80 years 
old or older at St. Louis University Hospital and St. 
Mary’s Health Center. The data abstracted from a retro- 
spective review of patient records included age, sex, race, 
admitting diagnosis, cardiac risk factors, procedure per- 
formed, and postoperative complications. Angina was 
graded using the Canadian Cardiovascular Society classi- 
fication. A New York Heart Association (NYHA) func- 
tional classification was assigned to each patient. Conges- 
tive heart failure was considered to be present if both 
digitalis and diuretic drugs were being used and rales 
were described on physical examination. Each patient was 
evaluated by an attending cardiologist and surgeon. Op- 
eration was undertaken when both physicians concluded 
that no alternative therapy was advisable or technically 
feasible. Patients with severe central nervous system 
dysfunction or disabling noncardiac problems that pre- 
vented a semiindependent lifestyle were not considered 
operative candidates. 

Cardiac catheterization was performed in all patients. 
Regional wall motion abnormality was measured by left 
ventricular score (as defined by the Coronary Artery 
Surgery Study), whereas ventricular function was as- 
sessed using left ventricular end-diastolic pressure and 
cardiac index. The degree of valve stenosis or insuffi- 
ciency was quantitated using standard catheterization 
techniques. Critical coronary artery stenosis was defined 
as greater than 50% occlusion for the left main coronary 
artery and greater than 70% for other coronary arteries. 

The operative technique consisted of a standard median 
sternotomy, routine aortic and right atrial cannulation, 
and nonpulsatile systemic hypothermic (30°C) cardiopul- 
monary bypass. Disposable membrane oxygenators were 
primed with crystalloid solution and albumin. Intermit- 
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tent cold hyperkalemic blood cardioplegia (6°C) and top- 
ical myocardial cooling were employed for myocardial 
protection. The conduit for coronary artery bypass graft- 
ing was always the saphenous vein. 

Postoperative data recorded included time until dis- 
charge after opezation, operative mortality (death within 
30 days or at any time during the initial hospitalization), 
and complications. Patients discharged from the hospital 
were considered early survivors. Late mortality is defined 
as the number of patients who were dead at the time of 
follow-up study (June 1988) divided by the total number 
of hospital survivors. Additional information was ob- 
tained by contact with the patient, the patient's physician, 
or both. The level of physical activity (NYHA functional 
classification) and intervening hospitalization or compli- 
cation were also determined. _ 

Univariate analysis of continuous variables was per- 
formed using Student's t test. A p value of 0.05 was 
considered significant. Mean values are expressed as plus 
or minus the standard deviation. The actuarial survival 
rate of the 20 hospital survivors was calculated by the 
Kaplan and Meier technique. The standard error of the 
mean as it relates to the actuarial survival was derived 
according to Peto and co-workers [6]. 


Results 


This group of octogenarians consisted of 11 men and 14 
women, whose mean age at operation was 82.0 years 
(range, 80 to 88 years). All patients had congestive heart 
failure preoperatively, with a mean NYHA functional 
class of 3.4 + 0.8. None of the patients required preoper- 
ative institution of intravenous nitroglycerin, inotropic 
agents, or intraaortic balloon counterpulsation. Nineteen 
patients underwent left ventriculography. The mean left 
ventricular score and end-diastolic pressure were 6.7 + 
2.8 and 18.3 + 10.9 mm Hg, respectively. The mean 
cardiac index measured in 15 of these patients was 2.2 + 
0.5 L/min/m?. The mean aortic valve gradient in 16 pa- 
tients with aortic stenosis was 79.3 + 30.8 mm Hg. Mitral 
valve incompetence was demonstrated in 11 patients. The 
mean degree of valvular insufficiency was 2.6 + 1.2 ona 
scale of 0 to 4. 


Table 1, Preoperative Diagnosis and Operative Treatment 


No. of 

Diagnosis Patients* Operation 
Aortic valve disease 12 (48) AVR (n= 6) 

AVR-CABG {n = 4) 

AVR-aortic plication {n = 2) 
Mitral valve disease 8 (32) MVR (n = 5) 

MVR-CABG (n = 3) 
Combined valvular 5 (20) AVR-MVR-CABG (n = 3) 

disease 


AVR-MVA-CABG (n = 1) 
AVR-MVA (n = 1) 


a Numbers in parentheses are percentages. 
AVR = aortic valve replacement; 
grafting; 

replacement. 


CABG = coronary artery bypass 
MVA = mitral valve annuloplasty; MVR = mitral valve 
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Table 2. Results of Operation 








No. of Early Late 

Operation Patients Deaths* Deaths 
AVR 6 oe Dig 
AVR, CABG 4 1 (25) 2 
AVR and ascending aortic plication 2 1 (50) 
AVR, MVA 1 oe 
AVR, MVR, CABG 3 1 (33) 
AVR, MVA, CABG 1 ae 
MVR 5 1 (20) 
MVR and CABG 3 1 (33) 

Total 25 5 4 





a Numbers in parentheses are percentages. 


AVR = aortic valve replacement; 
grafting; MVA = mitral valve annuloplasty; 
replacement. 


CABG = coronary artery bypass 
MVR = mitral valve 


Table 1 lists the diagnoses and operative procedures. 
The cause of aortic valve disease was rheumatic in 1 
patient, congenital in 3 patients, and degenerative in 13. 
The cause of the mitral valve disease was ischemic in 1 
patient, rheumatic in 7 patients, and myxomatous in the 
remaining 5 patients. 

Hemodynamically significant coronary artery disease 
was present in 14 patients (56%). Single-vessel disease 
was documented in 7 patients, double-vessel disease in 3, 
triple-vessel disease in 3, and left main stenosis in 1. Nine 
patients (36%) experienced angina preoperatively and had 
a mean angina class of 3.4 + 0.8. 

The Carpentier-Edwards bioprosthesis was used in all 
but 2 patients, in whom the Bjérk-Shiley valve was 
employed. Concomitant procedures performed included 
coronary bypass grafting in 12 patients (48%), plication of 
an ectatic ascending aorta in 2, aortic annulus enlarge- 
ment utilizing autologous pericardium in 4, and mitral 
valve annuloplasty in 2. The primary indication in all 
combined procedures was valvular disease. The mear. 
number of distal anastomoses was 1.7 per patient in the 12 
patients having revascularization. 

The operative mortality is shown in Table 2. There were 
five hospital (early) deaths (20%). Two patients had un- 
dergone aortic valve replacement with coronary artery 
bypass grafting for critical aortic stenosis with congestive 
heart failure. Plication of an ascending aortic aneurysm 
was also performed in 1 of these patients. Both patients 
had left ventricular end-diastolic pressure greater than 30 
mm Hg and a cardiac index of less than 1.8 L/min/m* 
preoperatively. Neither patient could be removed from 
cardiopulmonary bypass despite the use of inotropic 
agents and intraaortic balloon counterpulsation. The third 
death occurred in a patient in NYHA class IV with mitral 
regurgitation and triple-vessel coronary artery disease. He 
died from low cardiac output 24 hours after mitral valve 
replacement with two coronary artery bypass grafts. The 
fourth patient had bilateral asymptomatic carotid stenosis 
and underwent isolated mitral valve replacement, but 
died at 3 days after a cerebrovascular accident. The 
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Table 3, Postoperative Complications 








No. of 
Complication Patients* 
Atrial arrhythmias 7 (35) 
Permanent CVA 5 (25) 
Reversible CVA 3 (15) 
UTI 3 (15) 
Renal failure 2 (10) 
Prolonged ventilation (>48 hours) 2 (10) 
Hemothorax 16) 
Ventricular ectopy 16) 
Sepsis 16) 
Candida sepsis 16) 
Pacemaker 16) 

Total 27 


* Numbers in parentheses are percentages. 


CVA = cerebrovascular accident; UTI = urinary tract infection. 


remaining early death occurred in a patient undergoing 
aortic and mitral valve replacement with coronary artery 
bypass grafting. He never fully regained consciousness, 
dying 14 days postoperatively from multiorgan system 
. failure. 

Four late deaths occurred among 20 hospital survivors. 
One patient developed bacterial pneumonia 1 month after 
aortic valve replacement and single vein coronary artery 
bypass grafting. He died several weeks later of multiple 
complications including gastrointestinal bleeding, acute 
renal failure, and systemic candidiasis. The remaining 3 
patients died at 35 days (aortic valve replacement, mitral 
valve replacement, coronary artery bypass grafting), 4 
months (aortic valve replacement, mitral valve annulo- 
plasty, coronary artery bypass grafting), and 13 months 
(aortic valve replacement, coronary artery bypass graft- 
ing) postoperatively after complications of cerebrovascu- 
lar accidents. The first 2 of these 3 patients sustained their 
neurological deficit at the time of valve replacement. The 
third patient had a primary cerebrovascular accident more 
than 1 year after operation. 

There were a variety of complications in the 20 patients 
who survived operation (Table 3). New airial fibrillation 
or atrial flutter developed in 7 patients (28%). Complete 
heart block developed in 1 patient with preoperative left 
bundle-branch block after mitral valve replacement with 
coronary artery bypass; this patient required a permanent 
transvenous pacemaker. Acute renal failure requiring 
dialysis developed in 2 patients (10%). Five patients (25%) 
sustained a permanent stroke, and transient neurological 
dysfunction was observed in 3 additional patients (15%). 
Prolonged ventilator support was required in 2 patients 
(10%). The remaining nonfatal complications included 
urinary tract infections in 3 patients (15%), ventricular 
ectopy in 1 (5%), and a hemothorax in the remaining 
patient (5%). Common minor problems included confu- 
sion, anorexia, nausea, and delay in ambulation. No 
patient experienced a wound infection or required reop- 
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eration for postoperative bleeding, sternal infection, or 
dehiscence. 

The 20 operative survivors had a mean postoperative 
hospital stay of 18 + 16 days. No patients were lost to 
follow-up, which ranged from 7 to 85 months (mean 
follow-up, 36 months). Each of these long-term survivors 
is active; only 1 patient resides in a nursing home. The 
NYHA functional class in this group has improved from 
3.5 + 0.5 to 1.6 + 0.66 (p < 0.001). All hospital survivors 
improved at least one NYHA functional class. The actu- 
arial survival at 1 and 2 years is 79% and 69% with an 
estimated standard error of the mean of +0.10 and +0.12, 
respectively. 


Comment 


There has been an understandable conservatism about 
offering octogenarians valve replacement because of ad- 
vanced age and frequent associated medical probiems. In 
the last 5 years, this pessimistic philosophy has changed 
as a result of improvements in extracorporeal perfusion, 
valve prostheses, perioperative care, and myocardial pro- 
tection. A number of reports [7, 8] have evaluated the 
results of valve replacement in patients over the age of 70 
years. The perioperative mortality has ranged from 3% to 
30% for isolated valve replacement and from 10% to 50% 
for multiple valve replacement or combined procedures 
[7, 8]. It has been concluded that cardiac operations can be 
performed with an elevated but acceptable risk in this 
advanced age group. 

Reports [9-13] have recently appeared, confirming the 
safety and efficacy of open heart operations in the octo- 
genarian. The majority of these patients underwent iso- 
lated coronary artery bypass grafting. To our knowledge, 
no report has focused on the subgroup of octogenarians 
undergoing valve replacement. 

Our early mortality of 20% and overall mortality of 36% 
are higher than those reported for septuagenarians, but 
are similar to those reported by Tsai and associates [12] for 
their octogenarian population (21% and 31%, respec- 
tively). Edmunds and associates [13] recently reported on 
a series of 100 octogenarians undergoing cardiac opera- 
tions, 58% of whom had valve replacement. In their 
report the early mortality for valvular operations was 
31%, with an overall mortality of 52%. 

Isolated valve replacement in our patients resulted in a 
9% (1/11) early mortality with no late deaths at follow-up 
study to 88 months. All patients are functional and living 
at home, a fact that suggests that isolated valve replace- 
ment is safe and efficacious and should be pursued 
aggressively in the octogenarian. 

Patients undergoing more than isolated valve replace- 
ment did not fare as well. In our series, multiple valve 
replacement or repair resulted in a 20% early and 50% late 
mortality. These procedures required prolonged periods 
of extracorporeal circulation and global ischemia, both of 
which are poorly tolerated by these patients with limited 
cardiac reserve. In those for whom the decision is made 
for surgical intervention, efforts must be made to keep the 
operation simple and expeditious. Mitral valve repair may 
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be preferable to replacement to better preserve left ven- 
tricular function in properly selected patients. 

Single valve replacement combined with coronary ar- 
tery bypass grafting resulted in a 28% early and a 40% late 
mortality. This is noticeably higher than the 17% early 
mortality reported by Borkon and co-workers [14] in 
septuagenarians undergoing similar combined proce- 
dures. This elevated mortality brings to question the 
necessity for concomitant revascularization during valve 
replacement in this elderly subset. Conventional practice 
suggests that revascularization should be performed at 
the time of valve replacement if major coronary artery 
stenosis is present regardless of the presence or absence 
of angina [15]. Reports [16] in younger patient popula- 
tions indicate that myocardial revascularization does not 
increase the operative mortality of valve replacement, and 
the functional result may be improved by relieving the 
symptoms of angina pectoris and providing improved 
myocardial protection. This aggressive approach requires 
prolonged ischemic time and may not be appropriate in 
the octogenarian. Three of our five early deaths were due 
to low cardiac output in patients having combined valve 
replacement and coronary artery bypass grafting. All 3 
had marked left ventricular dysfunction preoperatively 
with little or no angina, and might have been better 
served by valve replacement alone. We now believe that 
in octogenarians, only those with critical (>80%) coronary 
lesions or severe angina should undergo concomitant 
coronary bypass grafting. Less than complete revascular- 
ization is an acceptable alternative in this elderly subset of 
patients when congestive heart failure is a primary indi- 
cation for operation. 

We currently believe the bioprosthetic valve is the safest 
cardiac valve substitute in the octogenarian. A recent 
report by Jamieson and associates [17] states that struc- 
tural deterioration of tissue valves is limited in the elderly 
population. Because systemic anticoagulation is rarely 
required, bioprosthetic valves have a reduced incidence of 
hemorrhagic and thrombotic complications compared 
with mechanical valves [14]. 

Several series [18, 19] have reported a high incidence of 
postoperative complications in elderly patients. Our expe- 
rience confirms this, as evidenced by only 28% (7/25) of 
our patient population having an entirely uncomplicated 
hospital course. Particularly frequent were problems in- 
volving the central nervous system. Thirty-two percent of 
our patients suffered some neurological or mental impair- 
ment (delirium, confusion, or stroke) after operation. In 
this fragile patient subset, a stroke resulting in permanent 
and serious paresis is a catastrophic event, which is 
always incapacitating and often fatal. In our series, all 5 
patients sustaining a cerebrovascular accident died from 
related complications. These patients account for 55% of 
the deaths in this series. 

Our experience with isolated valve replacement in the 
octogenarian justifies an aggressive surgical approach in 
these patients. Valve replacement combined with coro- 
nary artery bypass grafting in this subset warrants a more 
conservative posture. Although an operation can be un- 
dertaken, both physician and patient must fully under- 
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stand the magnitude of operative risk. Our 60% overall 
mortality for double valve procedures suggests that valve 
replacement for these patients may be contraindicated. 
Open decalcification of the aortic valve using ultrasonifi- 
cation and reconstruction of the mitral valve may prove to 
be reasonable alternatives to implantation of prostheses in 
this fragile patient subset. 

Symptomatic medical treatment may do little to im- 
prove the condition of elderly patients with severe valvu- 
lar heart disease. Once the symptoms of congestive heart 
failure develop, the quality of life deteriorates substan- 
tially. In the past, these individuals were not offered valve 
replacement because of unacceptably high perioperative 
mortality and morbidity. The improvement in functional 
capacity and the prolongation of late survival in our series 
justify valve replacement in select octogenarian patients. 
The operative risk is related to the procedure performed, 
as well as the degree of cerebrovascular, renal, and 
respiratory impairment present preoperatively. Age alone 
should not be considered a contraindication to valve 
replacement. 


We thank Chery] Bauer and Majella Kleffner for their assistance 
with the preparation of the manuscript. 
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Embryonic Versus Adult Myocardium: Adenine 


Nucleotide Degradation During Ischemia 
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Louis A. Brunsting, MD, Jon Lekven, MD, and Andrew S. Wechsler, MD 


Department of Surgery, Duke University Medical Center, Durham, North Carolina 


Neonatal myocardium demonstrates better recovery from 
ischemia than does adult tissue. We tested the hypothe- 
sis that developmental differences in adenine nucleotide 
degradation might facilitate recovery by quantitating 
depletion of high-energy phosphates in nine-day-old 
embryonic (n = 9) and 15-month-old adult (n = 14) 
chicken hearts at 15-, 30-, 45-, and 60-minute intervals of 
normothermic ischemia in vitro. Nucleotides adenosine 
triphosphate, adenosine diphosphate, and adenosine 
monophosphate and nucleosides adenosine, inosine, hy- 
poxanthine, and xanthine were determined by high- 
performance liquid chromatography. Several observa- 


onsiderabie research has been dedicated to optimize 

methods of intraoperative cardiac protection. Failure 

to maximize protective maneuvers is in part due to limited 

understanding of the biochemical derangements associ- 

ated with global ischemia [1-5]. In the postischemic pe- 

riod, depletion of adenine nucleotide pools has been 
associated with subsequent cardiac dysfunction [6]. 

High-energy phosphate utilization during ischemia has 
been correlated with postischemic recovery of cardiac 
function [7]. A prediction of physiological recovery can be 
made by quantitating useful total adenine nucleotide 
pools as coupled with total diffusible purine pools. In 
theory, by accumulating salvageable products of metabo- 
lism (compounds remaining within the cell, and thus 
retaining the capacity for adenosine triphosphate [ATP] 
resynthesis), damaged tissue is better able to resume 
normal levels of function during periods of reperfusion. 

Previous investigators [8] observed that functional re- 
covery from ischemic insult in neonatal hearts was supe- 
rior to that of adult hearts. Specifically, after 30 minutes of 
normothermic ischemia in the canine neonate, functional 
recovery was excellent, with aortic flow and cardiac out- 
put at levels greater than 90% of control levels [7]. In 
contrast, a similar ischemic interval in adult hearts re- 
sulted in profound injury and severe limitation of recov- 
ery [9]. 

Although many factors may be responsible for these 
findings, examining different patterns of high-energy 
phosphate depletion during ischemic injury might pro- 
vide some insight into age-related tolerance to ischemia. 
Investigations from our laboratory [10] have demon- 
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tions in metabolite degradative response to ischemia 
were noted. The embryonic myocardium maintained 
higher adenosine triphosphate and adenosine mono- 
phosphate levels over the course of the investigation 
than did mature myocardium. Moreover, the adult group 
showed an increase in diffusible nucleoside pool metab- 
olites. Relative immaturity of enzymes responsible for 
nucleotide degradation may facilitate postischemic re- 
covery by preserving nondiffusible high-energy phos- 
phate precursors to participate in salvage resynthesis of 
adenosine triphosphate. 

l (Ann Thorac Surg 1989;48:109-12) 


strated species- and age-related differences in myocardial 
adenine nucleotide catabolism during ischemia. Certain 
observations characterized differences between canine 
neonatal and canine adult myocardial accumulations of 
adenosine monophosphate (AMP) during ischemia [10]. 
Interestingly, the neonatal group showed increased accu- 
mulations of AMP over a 60-minute interval of ischemia. 

Notably, within certain groups, neonatal myocardium 
has proved better able to recover useful metabolic com- 
pounds after a given interval of ischemic injury. Studies 
[8] have demonstrated species-related differences in AMP 
accumulation during ischemia. Canine and lamb neonates 
have shown substantial accumulations of AMP, whereas 
neonatal rats demonstrated gradual degradation of AMP 
during periods of ischemia (Fig 1) [8]. 

We tested the hypothesis that there were developmen- 
tal differences in adenine nucleotide degradation by com- 
paring the effects of ischemia on embryonic and adult 
avian myocardium. We wished to characterize age-related 
differences in high energy phosphate degradation in this 
model. Moreover, we hoped to further our understanding 
of developmental biochemistry by examining extremes of 
ages. 


Material and Methods 


Fertilized eggs and adult White Leghorn chickens were 
obtained from Featherdown Farms, Apex, NC. Eggs were 
placed in a humidified 37°C incubator. All investigations 
were conducted according to the guidelines of the Amer- 
ican Physiological Society. The animals were treated with 
care as suggested in the National Society of Medical 
Research publication Principles of Laboratory Animal Care. 
Fourteen adult chicken hens weighing 2.5 to 3.7 kg 
were studied. Each was intravenously anesthetized with 
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Fig 1. Comparison of the accumulation of AMP for three species dur- 
ing periods of ischemia. The canine and lamb neonate show greater 
levels of the metabolite AMP during intervals of ischemia than does 
the rat neonate. Data are shown as the mean + the standard error of 
the mean. 


10.5 mg/kg of sodium pentobarbital and connected to a 
Harvard 607A ventilator supplying a 95% oxygern/5% 
carbon dioxide mixture. A left thoracotomy was per- 
formed, and the pericardium was opened. After a stabili- 
zation period, a liquid nitrogen-cooled Tru-cut needle 
biopsy was performed. The heart was rapidly excised and 
subjected to normothermic ischemia by placing it in a 
sealed, airtight container submerged in a 37°C water bath. 

Nine nine-day-old chicken embryo hearts were rapidly 
excised and subjected to periods of normothermic isch- 
emia by placing left ventricular biopsy samples in airtight, 
sealed containers submerged in a 37°C water bath. Indi- 
vidual biopsy samples were taken at 15, 30, 45, and 60 
minutes of ischemia and placed in liquid nitrogen. Each 
specimen was extracted in 12% trichloroacetic acid at 4°C 
for 30 minutes. The solute was separated from denatured 
proteins by centrifugation and neutralized with a 2:1 
(vol/vol) tri-n-octylamine/freon solution. 

Levels of the nucleotides ATP, adenosine diphosphate 
(ADP), and AMP and the nucleosides adenosine, inosine, 
hypoxanthine, and xanthine were analyzed by high- 
performance liquid chromatography. Protein determina- 
tions were performed on a Gilford spectrophotometer 
[11]. Data are given as mean + standard error of the 
mean. The values were compared using paired Student's 
f tests. Differences were considered significant if the 
probability (p) value for comparison of least squares 
means was less than 0.05. 


Results 


We found differences in high energy phosphate metabo- 
lism between embryonic and adult myocardium. Embry- 
onic avian myocardium demonstrated a slower depletion 
of ATP than did adult avian myocardium. Levels for the 
embryonic tissue began at 18 nmol/mg protein and ta- 
pered at end-ischemia to 4 nmol/mg protein. The adult 
group demonstrated rapid depletion of ATP, beginning at 
20 nmol/mg protein and decreasing to levels less than 1 
nmol/mg protein (Fig 2). Embryonic avian myocardium 
showed an unusual accumulation of AMP during periods 
of ischemia. The embryonic group progressed from a 
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Fig 2. The embryonic avian group was better able to retain levels of 
adenosine triphosphate (ATP) compared with the adult group during 
periods of ischemic injury. Data are shown as the mean + the stan- 
dard error of the mean. 


value of 2.0 nmol/mg protein to a value of 10.5 nmol/mg 
protein at the 60-minute ischemic point. In contrast, the 
adult hearts showed early AMP accumulation, with sub- 
sequent rapid depletion (Fig 3). © 

The next metabolite in the pathway, adenosine, accu- 
mulated rapidly in the adult group, but gradually in the 
embryonic group (Fig 4A). The adult animals demon- 
strated early accumulation of inosine; this was maintained 
for the duration of our measurements, whereas the em- 
bryonic groups showed slower accumulation (Fig 4B). In 
the adult group, hypoxanthine levels were noted to be 
significantly elevated compared with the embryonic 
model, which had only marginal accumulation (Fig 5A). 
The adult group had significant levels of xanthine, 
whereas the embryonic group failed to accumulate xan- 
thine (Fig 5B). l 

The total adenine nucleotide pool for the two groups 
was similar during the stabilization period. Gradual- dif- 
ferences were noted over the course of the ischemic 
intervals. The embryonic group had significant persis- 
tence of the total adenine nucleotide pool, with the level 
after 60 minutes of ischemia being 52% of the control 
value. The adult group retained only 14% of its initial 
value (Fig 6A). The total diffusible pool increased signifi- 
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Fig 3. The adult group demonstrated an early accumulation with 
rapid depletion of adenosine monophosphate (AMP), whereas the em- 
bryonic group progressed from a value of 2.0 nmol/mg protein to a 
level of 10.5 nmol/mg protein at the end of 60 minutes of normother- 
mic ischemia. Data are shown as the mean + standard error of the 
mean. 
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Fig 4. The accumulation of adenosine (A) and inosine (B) in the adult 
group was greater than that in the embryonic group. Data are shown 
as the mean + the standard error of the mean. 


cantly in the adult group to levels well above those of the 
embryonic group (Fig 6B). 
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Fig 5. The embryonic group had significantly less accumulation of the 
end metabolites hypoxanthine (A) and xanthine (B). Data are shown 
as the mean + standard error of the mean. 
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Fig 6. (A) The total adenine nucleotide pool showed a slower deple- 
tion in the embryonic group. At the end of 60 minutes of ischemia, 
the adult group level was 14% of the control level compared with 52% 
of the control level for the embryonic group. (B) The total diffusible 
purine pool accumulated rapidly in the adult group compared with the 
embryonic group. 


Comment 


This investigation analyzed adenine nucleotide catabo- 
lism in myocardium subjected to ischemia in two ex- 
tremes of development. We noted a slow rate of ATP 
depletion, greater retention of the total adenine nucleo- 
tide pool, and less total diffusible pool accumulation in 
embryonic compared with adult myocardium. Of signifi- 
cance in our study is the marked accumulation of AMP in 
the embryonic myocardium. A possible mechanism is 
immaturity of 5’ nucleotidase, which is largely responsi- 
ble for AMP catabolism. 

Recently, investigators have sought to categorize age- 
related differences in myocardial response to ischemia. 
The present data demonstrate age-related differences in 
avian high-energy phosphate metabolism. Relative imma- 
turity of enzymes responsible for nucleotide degradation 
may facilitate postischemic recovery by preserving non- 
diffusible high-energy phosphate precursors to participate 
in salvage resynthesis of ATP. This work characterizes 
adenine nucleotide metabolism for embryonic and adult 
chicken hearts. If the myocardial total adenine nucleotide 
pool is important for metabolic and contractile recovery 
after ischemia, maintaining this pool is essential. 

Further work would enhance the present investigation. 
The characterization of embryonic and adult myocardial 
enzyme kinetics might disclose reasons for the observed 
differences in high-energy phosphate degradation during 





112 MASK ET AL f 


EMBRYONIC VERSUS ADULT MYOCARDIAL ISCHEMIA 


ischemia. Identification of mechanisms that maximize 
preservation would be advantageous. Moreover, ways of 
achieving this goal might be recognized if discrepancies 
between high-energy phosphate utilization among dif- 
ferent age groups and within varying species prove to 
relate significantly to postischemic recovery. 


This study was supported by National Institutes of Health Grant 
HL26302. 
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Primary Endobronchial Granular Cell Myoblastoma 
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Granular cell myoblastoma is a common lesion of uncer- 
tain histogenesis. It commonly affects the tongue, breast, 
and subcutaneous tissues. However, its occurrence in the 
tracheobronchial tree is rare. Although generally a be- 
nign lesion, isolated malignant granular cell myoblas- 
toma as well as its coexistence with other primary bron- 


Ce cell myoblastoma (GCM) is a benign tumor of 
ubiquitous anatomical distribution. The most fre- 
quent sites of occurrence are the tongue, breast, and 
subcutaneous tissues. Other less common sites of occur- 
rence include the larynx, esophagus, mediastinum, retro- 
peritoneum, myocardium, and biliary tree. Its occurrence 
within the tracheobronchial tree as a primary lesion is 
rarely reported. The presenting symptoms of bronchial 
GCM such as cough, recurrent pneumonia, pleuritic pain 
or hemoptysis, and a mass lesion of the lungs on chest 
roentgenograms are similar to those of primary bron- 
chogenic tumors, making it difficult at times to differen- 
tiate between them. 


A 45-year-old black woman was seen in consultation for 
productive cough, exertional dyspnea, and right-sided 
pleuritic pain of 2 months duration. Medical history 
included cigarette smoking of one pack a day for 30 years. 
Chest roentgenograms showed a mass lesion of the right 
upper lobe, which was confirmed by a computed tomo- 
graphic scan of the thorax. 

On admission to the hospital, physical examination was 
entirely unremarkable except for diminished breath 
sounds over the right upper lung field. Her admission 
complete blood count, serum electrolyte levels, and arte- 
rial blood gases on room air were all within normal limits. 
Several sputum samples had a normal acid-fast bacillus 
smear and were negative for bacterial and fungal growth. 
Cytology was negative for malignant cells. 

A flexible bronchoscopy was performed under general 
anesthesia before thoracotomy. The trachea and the left 
tracheobronchial tree were normal. The orifice of the right 
upper lobe bronchus was distorted by a 1 x 1-em grayish 
yellow submucosal lesion. A mediastinoscopy was per- 
formed after bronchoscopy, revealing no obvious subcar- 
inal or paratracheal lymphadenopathy. The patient then 
underwent a right posterolateral thoracotomy. The right 
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chogenic carcinomas has been documented. In spite of 
recent anecdotal reports advocating endoscopic removal 
of this lesion, we believe definitive surgical excision is a 
more rational choice of treatment. 


(Ann Thorac Surg 1989;48:113~5) 


upper lobe appeared grossly abnormal with consolidation 
and fibrotic changes. A right upper lobectomy was per- 
formed. Frozen section of the bronchial stump was free 
from tumor. Pathology sections of the right upper lobe 
showed an obstructing lesion of the proximal bronchus 
with large polygonal cells containing finely granular eo- 
sinophilic cytoplasm and small dark vesicular nuclei con- 
sistent with benign granular cell myoblastoma (Fig 1). 
There was marked bronchiectasis with acute and chronic 
inflammatory changes of the right upper lobe paren- 
chyma. All 12 lymph nodes from the right hilar and 
paratracheal area were free from tumor. The patient 
recovered well postoperatively and was discharged on 
postoperative day 7. She returned to work 6 weeks later 
and continued to do well 12 months after operation. 


Comment 


Granular cell myoblastoma was first described by Abri- 
kossoff [1] in 1926. The first case of primary endobronchial 
GCM was reported by Kramer [2] in 1939, and by 1978 
only 47 cases had been reported [3]. Between 1978 and 
1987, 20 more cases were added to the English-language 
literature, bringing the total to 68 with this report. 

Granular cell myoblastoma commonly occurs in the 
third or fourth decade of life, with the youngest reported 
patient being a 5-year-old child [4]. It seems to have a 
predilection for the black population, possibly because of 
the greater reactive potential of mesenchymal tissues in 
this group. An even distribution of GCM among both 
sexes has been observed. Cigarette smoking is a frequent 
but not constant finding in the reported cases. Although 
polycentric endobronchial GCM was thought to be rare by 
earlier authors, a recent review of the literature demon- 
strated a 13.3% incidence of polycentricity either within 
the same side or bilaterally [5]. The incidence of multiple 
organ involvement is about 15.9% [6]. 

The traditional myogenic origin of granular cell tumors 
as proposed by Abrikossoff [1] was convincingly chal- 
lenged in 1950 by Pearse [7], who identified cytoplasmic 
granules that contained protein and high concentrations 
of cerebrosides and gangliosides, suggesting a neural 
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Fig 1. (A) Photomicrograph showing granular cell myoblastoma cells 
with eosinophilic granular cytoplasm arranged in cords, (Hematoxylin 
and eosin, X100 before 51% reduction.) (B) Photomicrograph showing 
large, polygonal granular cell myoblastoma cells with fine eosinophilic 
granules and eccentrically placed nuclei. (Hematoxylin and eosin, 
x400 before 51% reduction.) 


origin. Subsequent ultrastructural and immunohisto- 
chemical studies of GCM also demonstrated their similar- 
ities to Schwann cells (8, 9], thus lending more support to 
their more recent nomenclature, granular cell schwan- 
noma. 

Granular cell myoblastomas of the bronchus are essen- 
tially benign neoplasms. However, both isolated malig- 
nant endobronchial GCM [10] and the coexistence of a 
benign GCM and a bronchogenic adenocarcinoma [11] or 
a squamous cell carcinoma [12] have been reported. As 
tracheobronchial GCM arises in the bronchi, its clinical 
manifestation is bronchial obstruction, and tissue diagno- 
sis is made by bronchoscopic biopsy. 

The gross appearance of the endobronchial GCM 
ranges from a several-millimeter ridgelike thickening of 
the mucosa to a sessile or pedunculated, polypoid lesion 
up to 6.5 cm in diameter [13]. The cut surface of the lesion 
is usually yellowish gray in color. Microscopically the 
typical GCM cell is large (200 to 300 xm in diameter) and 
polygonal, with strongly eosinophilic cytoplasm contain- 
ing numerous prominent, deeply eosinophilic granules. 
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The nucleus is small and eccentrically placed. The nucleoli 
are not prominent. Pseudoepitheliomatous hyperplasia of 
the overlying mucosa is quite frequent and occasionally 
causes some confusion in differentiating between 
squamous cell carcinoma and GCM. In about one third of 
the cases the lesion extends through the entire thickness 
of the bronchial wall into the parabronchial tissue [13]; 
however, involvement of the lung parenchyma is quite 
rare. There are no serum markers for GCM and diagnosis 
by exfoliative cytology is usually not feasible. 

The preferred management of bronchial GCM is clearly 
surgical resection when there is evidence of extensive 
destruction of the lung parenchyma caused by chronic 
obstruction. Depending on the location of the lesion and 
the extent of parenchymal destruction, either lobectomy 
or, infrequently, pneumonectomy may be required. Oc- 
casionally computed tomographic scan of the tracheo- 
bronchial tree is helpful in preoperative decision making 
between lobectomy with sleeve resection and pneu- 
monectomy when the main bronchus is involved [14]. 
Lesions occurring in the trachea can also be successfully 
managed by resection and reconstruction [15]. The appro- 
priate management of a small, asymptomatic GCM has 
not been clearly established. Several recent articles advo- 
cated endoscopic removal (with or without use of a laser) 
of these lesions. However, the incidence of recurrence 
within 2 years after endoscopic removal has been reported 
to range from 10% to 54% [3, 6]. Because of the potential 
of GCM for rapid growth and bronchial obstruction, the 
high incidence of parabronchial tissue involvement ren- 
dering complete endoscopic removal unlikely, and the 
small but definite potential for malignant transformation, 
we feel that adequate surgical resection is the treatment of 
choice. After surgical excision, long disease-free intervals 
can be expected in 85% of the patients [16, 17]. Radiation 
therapy and chemotherapy have not been proven effec- 
tive [13, 18]. 
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Treatment of Postoperative Chylothorax With 


Intrapleural Fibrin Glue 
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Two patients with chylothorax after pulmonary resection 
for lung cancer were successfully treated without thora- 
cotomy by injection of fibrin glue components into the 
pleural cavity. This new technique for closing the chy- 
lous leak is described. 

(Ann Thorac Surg 1989;48:116-8) 


Ce aggressive surgical approaches for the treat- 
ment of lung cancer, which involve mediastinal 
lymph node dissection, may cause an increase in the 
incidence of chylothorax after resection for lung cancer. 
This report describes a new treatment of chylothorax after 
pulmonary resection with injection of fibrin glue compo- 
nents into the pleural cavity. 


Patient 1 


A 65-year-old woman underwent a right lower lobectomy 
with mediastinal lymph node dissection for adenocarci- 
noma of the lung. On the third postoperative day, after 
she began oral intake, pleural drainage increased and 
changed to a chylous effusion. Chemical analysis of the 
fluid revealed a high triglyceride and a low cholesterol 
content. All oral intake was stopped and intravenous 
hyperalimentation was begun. The pleural drainage grad- 
ually decreased but persisted at a rate of 700 to 800 
mL/day. A chest roentgenogram showed the existence of 
a pleural dead space after the lobectomy (Fig 1). 

On the seventh postoperative day, intrapleural fibrin 
gluing was performed for the purpose of sealing the 
leakage point. After the pleural effusion was drained, the 
patient was placed in the left lateral position and the fibrin 
glue components were introduced into the pleural space 
through the chest drainage tube. Under fluoroscopy, the 
tip of the tube was moved nearer to the lower mediasti- 
num, where the fistula seemed to exist. First, 10 mL of 
concentrated fibrinogen solution (component A) was in- 
troduced with air insufflation. Next, 10 mL (10,000 units) 
of thrombin solution with 40 mmol/L calcium chloride and 
3,000 KIU of aprotinin (component B) was instilled. After 
instillation, the pleural drainage decreased to a rate of 180 
to 250 mL per day. Therefore, four days later, the chest 
tube was removed. A low-fat diet was continued for a 
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Fig 1. (Patient 1.) Chest roentgenogram on the third postoperative 
day. A pleural dead space and effusion (arrow) are seen. 


week. Because only slight pleural effusion persisted, 
normal oral intake was permitted to begin on the 15th 
postoperative day, after which the patient experienced an 
almost normal, uneventful recovery. 


Patient 2 


A right upper lobectomy and extirpation of mediastinal 
lymph nodes were performed in another institution in a 
65-year-old man for adenocarcinoma of the lung. On the 
second postoperative day, after oral intake was permitted, 
a chylothorax developed. Because the chylothorax did not 
respond to any form of conservative treatment, 5 weeks 
after the operation the patient was transferred to our 
hospital. 

A lymphangiogram revealed that the chylous leakage 
occurred at the level of the lower part of the azygos vein 
and connected with the upper pleural space (Fig 2). Six 
weeks after the operation, fibrin gluing in the right upper 
pleural cavity was performed. After the pleural effusion 
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Fig 2. (Patient 2.) Lymphangiogram before gluing, showing chylous 
fistulas connected with pleural space (arrow). 


was drained and the patient was placed in a suitable 
position, 20 mL of each component of fibrin glue was 
injected into the pleural cavity, first component A and 
then component B. From the next day, a medium-chain 
triglyceride diet and intermittent positive-pressure 
breathing were continued for a week, and the pleural 
effusion gradually decreased. Thereafter, normal oral in- 
take was permitted, but the effusion did not increase. A 
lymphangiogram 4 weeks after the gluing showed that 
only a few fistulas of the thin lymphatic channels per- 
sisted, and the major fistula had closed (Fig 3). The 
patient experienced an uneventful recovery. Four months 
after the gluing, the chylothorax was completely ab- 
sorbed. 


Comment 


Most cases of chylothorax after thoracic operations with- 
out pulmonary resection can be successfully treated with 
dietary management or pleural drainage, or a combina- 
tion of the two. However, after pulmonary resection, 
especially pneumonectomy, because the chylous fistula 
often cannot be completely sealed by the lung due to 
remaining pleural dead space, the chylous leakage some- 
times persists even with conservative forms of treatment. 
In such cases, if the actual point of leakage in the thoracic 
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Fig 3. (Patient 2.) Lymphangiogram 1 month after gluing. A major 
fistula is blocked (black arrow). White arrows mark contrast me- 
dium deposited in the lymph nodes after the first lymphangiography. 


duct can be defined, direct ligation may be the most 
certain procedure for closing the leak [1]. Lymphangiog- 
raphy is useful for the identification of the leakage point, 
as reported by Heilman and Collins [2]. Because surgical 
closure of the leak is rather difficult, we first tried to 
conservatively apply fibrin glue for a closure of the 
persistent chylous leak, because the gluing was a very 
easy procedure and seemed to be almost as effective for 
closing the chylous leak as direct ligation of the thoracic 
duct. The safety of this technique with regard to hepatitis 
B and acquired immunodeficiency syndrome viral infec- 
tion has been established [3], and now this ghie is widely 
used for hemostasis and for closing any type of fistula in 
thoracic operations [4, 5}. 

In our method of gluing without thoracotomy, fibrin- 
ogen solution is introduced into the pleural cavity to cover 
part of the dissected mediastinum in a suitable position. 
After this, by an injection of thrombin solution, a fibrin 
seal can be formed on part of the mediastinum. With this 
application of the glue components, chylous fistulas can 
be closed successfully, as shown in Figure 3. In the case of 
a lobectomy, intermittent positive-pressure breathing is a 
very useful supportive procedure for this method. 

In this application, a large quantity of glue components 
is required. However, we think that when the leakage 
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point is identified clearly by lymphangiography, as in 
patient 2, a lesser dose of the glue components may be 
sufficient to seal the leakage point by direct application 
during thoracoscopy with a flexible fiberoptic broncho- 
scope [6]. 
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REVIEW OF RECENT BOOKS 


Cardiothoracic Trauma 

By Panagiotis N. Symbas 
Philadelphia, W.B. Saunders, 1988 
404 pp, illustrated, $89.00 


Reviewed by F. William Blaisdell, MD 


This comprehensive text on cardiothoracic trauma is written by 
one of the real experts in the field. The book is 404 pages and 
consists of 20 chapters and an excellent index. The subject matter 
covered includes initial general management and management of 
all of the various forms of cardiac trauma including tamporiade, 
penetrating wounds, contusion, pericardial i injuries, ruptures of 
the heart, and traumatic intracardiac injuries. There are also 
chapters on traumatic aneurysm of the heart, coronary artery 
injury and missiles in the heart, and pulmonary and systemic 
injuries. 

Orie of the most outstanding chapters is that related to trauma 
of the great vessels including penetrating and blunt ruptures. 
Various techniques available to control the circulation during 
thoracic aortic ceclusion are discussed, and the author's favorite 
method is presented in detail. 

The chapter on lung injuries is somewhat disappointing. There 
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is very little emphasis on the anatomy or on principles of lung 
resection when this type of treatment is indicated. The chapter on 
major airway injury is excellent as is the chapter on esophageal 
injuries. The chapter on the pleural space includes pneumotho- 
rax, hemothorax, posttraumatic empyema, and traumatic chy- 
lothorax. Unfortunately, there is no discussion of the specific 
causes of hemothorax or discussions of operative approach. 
Intrathoracic bleeding is most commonly from the chest wall, but 
it can be from the lung, and very importantly, can be secondary 
to intraabdominal injury. Methods of identifying or recognizing 
the latter are not discussed. 

The final two chapters are on diapliragmatic injuries and chest 
wall injuries. One of the major advances in the management of 
patients with multiple.rib fractures has been the use of epidural 
anesthesia. This is méntioned only in passing in the chapter on 
flail chest. 

In summary, this is an excellent work and consistent in its 
approach as it is entirely the work of one author. It is an 
impressive work and a major contribution to the literature on 
trauma. 
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Detection of Multiple Cardiac Papillary 
Fibroelastomas Using Transesophageal 
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Papillary fibroelastomas are rare, benign cardiac tumors 
that may be associated with embolization, angina, and 
sudden death. We report a case of multiple papillary 
fibroelastomas diagnosed during life by transesophageal 
echocardiography. Surgical resection during mitral valve 
replacement for rheumatic mitral stenosis prevented the 
development of any of the life-threatening complications 
sometimes associated with this tumor. 

(Ann Thorac Surg 1989;48:119-21) 


pe cardiac neoplasms are rare tumors with an 
autopsy incidence ranging from 0.002% to 0.33% [1]. 
Approximately 80% of these tumors are benign, the most 
common being myxomas, lipomas, papillary fibroelasto- 
mas, and hemangiomas. Papillary fibroelastomas are the 
third most common type, yet no more than 100 cases have 
been reported [2, 3]. The vast majority of these cases were 
incidental autopsy findings. On rare occasions, these 
tumors have resulted in transient ischemic attacks, stroke, 
angina, and sudden death [2, 4]. To our knowledge, only 
11 cases of papillary fibroelastoma have been diagnosed 
during life, either preoperatively using echocardiography 
or intraoperatively [2, 4-6]. We describe a case of multiple 
papillary fibroelastomas seen on transesophageal echocar- 
diography during life. 


A 48-year-old woman was referred to the Los Angeles 
County Harbor/UCLA Medical Center for mitral valve 
replacement because of rheumatic mitral stenosis. Over 
the previous 4 months she had noted increasing shortness 
of breath, dyspnea on exertion, pedal edema, and noc- 
turia. The patient had undergone mitral valve commissur- 
otomy 20 years previously in Mexico for mitral stenosis 
due to rheumatic heart disease. Vital signs were normal 
and physical examination revealed an irregularly irregular 
heart rate and a grade 2/6 diastolic rumble at the apex. 
Results of a neurological examination were normal. Re- 
sults of laboratory studies were normal, and a chest 
roentgenogram revealed left atrial enlargement. Electro- 
cardiogram showed atrial fibrillation with a ventricular 
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rate of 72 beats per minute. Angiography revealed a 
calcification in the mitral valve, mitral stenosis, moderate 
to severe mitral regurgitation, normal coronary arteries, 
and multiple radiolucent areas in the left ventricular 
outflow tract consistent with tumor versus thrombus or 
vegetations. Standard transthoracic and transesophageal 
echocardiography were performed and revealed marked 
left atrial enlargement, thickening of the mitral valve 
leaflets, 3+ mitral regurgitation, and a mitral valve area of 
lcm’. Multiple 1-cm masses were seen on the mitral valve 
and in the left ventricle near the left ventricular outflow 
tract and along the septum. Transthoracic two-dimen- 
sional echocardiography was unable to identify the point 
of attachment of the masses, so that differentiation of the 
masses from multiple thrombi or vegetations was not 
possible (Fig 1). Transesophageal echocardiography, on 
the other hand, clearly demonstrated that the masses 
were pleomorphic, mobile, and attached by a short pedi- 
cle to the left ventricular and valvular endothelium (Fig 2). 

At operation, ten round, soft masses measuring 0.5 to 1 
cm in diameter were found. Five tumors were situated on 





Fig 1. Apical four-chamber two-dimensional echocardiogram. The 
thickened mitral valve is seen (clear arrow). A mass in the left ven- 
tricular outflow tract is apparent, but its site of attachment is unclear 
(solid arrow). It is also uncertain whether the mitral valve thickening 
is only due to rheumatic disease or represents additional masses on the 
ventricular side of the valve. 
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Fig 2. Transesophageal two-dimensional echocardiogram. The pedicle 
attaching the mass in the left ventricular outflow tract to the ventricu- 
lar septum is clear (solid arrow). Multiple small nodules on the mi- 

tral valve are alse apparent (clear arrow). 


the subvalvular apparatus of the mitral valve and five 
were seen in the left ventricle along the septum and at the 
apex. The masses were all removed using simple surgical 
excision. Frozen section revealed benign papillary fi- 
broelastoma. The rheumatic mitral valve was excised and 
replaced with a 31-mm St. Jude prosthesis. The patient's 
postoperative course was unremarkable, and she was 
discharged after adequate anticoagulation with Coumadin 
{crystalline warfarin sodium; Du Pont Pharmaceuticals, 
Wilmington, DE). 


Comment 


Cardiac papillary fibroelastomas are rare benign tumors, 
usually discovered as incidental findings. Although gen- 


Fig 3. (A) Papillary fibroelastomas 
suspended in saline, showing the 
classic resemblance to sea anemones. 
Note attachment of stalk to a chorda 
tendinea (a). (B) Microscopic appear- 
ance of delicate, fingerlike projections. 
The endothelial cell lining (a), muco- 
polysaccharide matrix containing 
smooth muscle cells, fibroblasts, and 
collagen fibrils (b), and dense collage- 
nous core with elastic fiber lamina- 
tions (c) are demonstrated. (Hema- 
toxylin and eosin, x 400 before 23% 
reduction.) 
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erally asymptomatic, these lesions have been known to 
cause stroke, transient ischemic attacks, angina, and 
sudden death. Four patients with papillary fibroelastomas 
and neurological symptoms have been described with 
symptoms including expressive aphasia, transient hemi- 
paresis, and monocular blindness [2, 4]. In 6 other pa- 
tients, angina or sudden death was attributed to aortic 
valve papillary fibroelastomas [2]. Postmortem examina- 
tions in those cases demonstrated that the tumors caused 
either obstruction or ball valve occlusion of a coronary 
ostium. 

On gross examination these tumors have been de- 
scribed as resembling sea anemones (Fig 3A), with mul- 
tiple papillary fronds attached to the endocardium by a 
short stalk [3]. They are usually single and less than 1 cm 
in diameter, and most frequently arise from the valvular 
endocardium [4]. However, they have been found on all 
cardiac valves and in all cardiac chambers. In the largest 
reported autopsy series, the majority of the tumors were 
on the aortic valve. Only one tumor was found in the left 
ventricle, and in only 3 of the 42 cases were the tumors 
multiple in number [3]. Interestingly, in our patient, there 
were ten tumors and five were situated in the left ventri- 
cle. Histologically, the tumor consists of delicate finger- 
like projections composed of cores of dense fibrous tissue 
containing laminations of concentrically arranged elastic 
fibers [7]. The cores are surrounded by a loose acid 
mucopolysaccharide matrix containing scattered smooth 
muscle cells (Fig 3B). 

The diagnosis of papillary fibroelastoma is usually 
made at postmortem examination. With the increased use 
of transthoracic two-dimensional echocardiography, 
these lesions have been discovered preoperatively. Our 
case represents the 12th case diagnosed during life and 
perhaps the first case of multiple papillary fibroelastomas 
seen using transesophageal echocardiography. Trans- 
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esophageal echocardiography has been used for intraop- 
erative monitoring of left ventricular contractility, detec- 
tion of intracardiac air, and intraoperative assessment of 
mitral valve function [8]. Transesophageal echocardiog- 
raphy has been used to visualize cysts in a left atrial 
myxoma that could not be seen using standard two- 
dimensional echocardiography [9]. Although angiogra- 
phy and standard transthoracic two-dimensional echocar- 
diography demonstrated in our patient the presence of 
multiple masses, their morphology and insertion could 
not be ascertained. Transesophageal echocardiography 
provided superior images of the tumors, including their 
pleiomorphism and their endocardial attachment by short 
pedicles. This better image is due to transesophageal 
echocardiography’s superior resolution and the lack of 
intervening structures. 

Because of the potential for embolization, angina, and 
sudden death, the recommended treatment for papillary 
fibroelastomas is surgical resection. This is particularly 
true for tumors located near the coronary ostia, where the 
risk of angina and sudden death is increased. Although 
transesophageal echocardiography provides excellent res- 
olution, neither transesophageal echocardiography nor 
standard two-dimensional echocardiography can reliably 
distinguish papillary fibroelastomas from other cardiac 
lesions such as myxomas, mural thrombus, vegetations, 
or other cardiac neoplasms. This further supports the 
recommendation of elective surgical resection. Simple 
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surgical excision with valvular repair is the recommended 
approach if the tumor is situated on a valve [4]. 
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Treatment of Median Sternotomy Wound Infection 


and Sternal Necrosis in an Infant 
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A case of an infant with median sternotomy wound 
infection and sternal necrosis treated by debridement 
and muscle flap transposition is reported. As in adults, 
the procedure can be done safely and successfully. Rapid 
healing and chest wall stability were obtained. A later 
cardiac procedure was performed without technical dif- 
ficulties and without untoward effects on chest wall 
stability. 

(Ann Thorac Surg 1989;48:122-3) 


Maz sternotomy has become the standard ap- 
proach in both children and adults for cardiac and 
mediastinal procedures. Infection and subsequent sternal 
dehiscence is an extremely serious complication and 
ranges in incidence from 0.8% to 1% in recent adult series 
{1, 2]. This complication is thought to be extremely 
unusual in children and reports are few. We recently 
treated a 6-week-old infant who developed a deep ster- 
notomy wound infection and sternal necrosis after pul- 
monary artery banding by using muscle flaps as previ- 
ously described in adults [3, 4]. The infant recovered and 
subsequently has undergone successful closure of the 
ventricular septal defect and removal of the pulmonary 
artery band through a repeat midline “sternotomy inci- 
sion.” 


A 1-month-old, severely malnourished 2.0-kg infant with 
severe heart failure and failure to thrive because of a large 
ventricular septal defect underwent pulmonary artery 
banding via median sternotomy. Despite initial improve- 
ment, it was believed that the band was too loose and it 
was subsequently revised. This second procedure was 
complicated by staphylococcal infection and wound de- 
hiscence. At exploration, both sternal halves, including 
manubrium, were noted to be necrotic and were de- 
brided. Marked paradoxical chest wall motion was noted 
with inspiration. After two operative debridements (Fig 
1), closure was obtained by transposing the right pecto- 
ralis major, pedicled on its thoracoacromial blood supply, 
into the upper half of the defect and the right rectus 
abdominis based on the internal mammary (superior 
epigastric) artery into the lower half of the defect. A 
split-thickness skin graft was applied to the uncovered 
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Fig 1. Clean, open mediastinal wound. Necrotic sternum has been 
debrided; note ends of costal cartilages in left wound margin. 


muscle. Operative blood loss was limited to 50 mL by 
careful bipolar electrocautery. The patient healed un- 
eventfully. Paradoxical chest wall motion decreased 
steadily as the reconstruction “stiffened’’ and was unno- 
ticeable by 6 weeks postoperatively. By 9 months postop- 
eratively (Fig 2), muscle flaps and skin graft had hardened 
considerably. 

In September 1987, the patient underwent removal of 
the pulmonary artery band and ventricular septal defect 
repair. A median approach through the muscle flaps was 
performed. A thick layer of fibrocartilaginous tissue was 
encountered from beneath which pericardium and ven- 
tricular wall were easily separated. The operative proce- 
dure was uncomplicated. The wound healed unevent- 
fully, and the chest wall was again stable. The child has 
subsequently grown normally and continues to do well. 
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Fig 2, Chest wall healed and stable at 9 months of age. 


Comment 


To our knowledge, our patient is the youngest reported to 
date with this complication and the only one of the 
reported cases in the age group to be treated by muscle 
flap coverage and subsequently reoperated on [5]. Cover- 
age of the debrided defect with pedicled muscle flaps has 
been well documented in adults (3, 4, 6, 7]. Advantages 
include the ability to obliterate dead space and to decrease 
residual bacterial load with well-vascularized tissue. In 
addition, it has been noted in adults that, despite muscle 
atrophy, the resulting fibrotic bridge spanning the sternal 
defect stabilizes the anterior chest wall sufficiently and 
prevents serious paradoxical motion and ventilatory in- 
sufficiency. Disadvantages include the loss of donor mus- 
cle function and possible ventral hernia formation with 
use of the rectus abdominis. In a child this young might 
also be included the difficulty of dissecting such thin 
structures and small pedicles, substantial operative blood 
loss, and theoretical effects on future chest wall growth. 
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In this particular patient, with such an extensive infec- 
tion and with the sternum necrotic, there was, in effect, 
no other good option. Although omentum has been used 
in adults [7], its likely small volume in this age group, the 
necessity of a laparotomy to obtain it, and desire for chest 
wall rigidity all mitigate against its use as a primary 
treatment option. Though the structures are quite small, 
expeditious dissection was facilitated by loupe magnifica- 
tion. Blood loss was limited by assiduous hemostasis. At 
1 year postoperatively the chest wall is rigid and stable; 
there is no evidence of abdominal wall hernia or diastasis. 
There is no asymmetry of anterior ribs, but chest wall 
growth is far from complete in this patient. 

The cardiothoracic surgeon is often concerned about the 
difficulties of reentering the mediastinum in any of the 
patients who survive this complication and heal the chest 
wound. This is particularly the case in the infant popula- 
tion, as repeat procedures are common. Can the heart and 
great vessels be easily and safely isolated from the midline 
muscle and scar tissue? Will the chest wall be stable after 
repeat sternotomy? In this patient, the incision was made 
through the middle of both flaps. Between the flaps and 
the heart itself was an easily developed plane allowing 
safe and surprisingly rapid exposure of the right ventricle 
and pulmonary artery. Postoperatively the chest wall was 
stable; the incision healed uneventfully. The technique of 
muscle flap transposition may be applied in infants as in 
adults to manage severe median sternotomy wound in- 
fection. 
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Autopsy Findings 14 Years After Septation for 
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The autopsy findings of a patient who survived 14 years 
after ventricular septation for single ventricle are re- 
ported. Although the patient had been well for years, she 
suddenly died at 22 years of age. Her ventricular free 
walls had grown normally, but the ventricular septum 


AM corrective surgery for single ventricle, ventricular 
septation [1, 2], modified Fontan operation [3], and, 
in some particular cases, total cavopulmonary shunt op- 
eration [4] have been utilized. Since 1970 ventricular 
septation has been performed in 16 patients with single 
ventricle in our institution. The longest survivor, who was 
operated on in 1970, suddenly died after 14 years’ active 
life, This report documents the autopsy findings of the 
case. 


The patient had originally complained of severe cyanosis 
and squatting. Hemodynamic investigation and angiocar- 
diogram were performed at 8 years of age, and revealed 
interventricular right-to-left shunt and no atrioventricular 
valve regurgitation. A corrective operation was under- 
taken [2]. When the infundibular muscle was removed 
through the rignt ventriculotomy no interventricular sep- 
tum was found except a large muscle bundle in the 
bottom of the ventricle. Both atrial chambers connected to 
a sole ventricular chamber in the usual fashion (situs 
solitus). The trabeculae revealed neither right nor left 
ventricular characteristics. No rudimentary chamber was 
found. There were two intact atrioventricular valves, and 
the great arteries were normally related. Undivided ven- 
tricle instead of single left ventricle seemed to be a more 
suitable diagnosis for this case from the pathological 
knowledge the surgeon (Y.K.) had at the time of this 
operation. As a diagnosis of single ventricle {I,C,S} by the 
classification system of Van Praagh and associates [5] with 
infundibular pulmonary stenosis was confirmed, ventric- 
ular septation was performed with a Teflon patch, 25 x 35 
mm in size, of which the lower margin was sutured onto 
the ventricular muscle bundle. The slit between the bun- 
dle and the ventricular wall was closed with three inter- 
rupted sutures. The right ventricular outflow tract was 
reconstructed using a Teflon patch lined with pericar- 
dium. 
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did not. A crevice was found in the apex, and the 
ventricular septum consisted of only the Teflon patch. 
Microscopically, fibrosis was found only in the right 
atrium. 

(Ann Thorac Surg 1989;48:124-5) 


The patient’s postoperative course was uneventful. At 
discharge from the hospital, electrocardiography revealed 
sinus rhythm with incomplete left bundle-branch block. 
She was asymptomatic and lived a normal life until 20 
years of age. No heart murmur was detected. Postopera- 
tive cardiac catheterization, angiocardiography, and ultra- 
sonic cardiography were performed 3 and 7 years after the 
corrective operation. The results showed excellent hemo- 
dynamics and cardiac function [6, 7]. 

The patient was admitted to our hospital with an 
episode of tachycardia when she was 20 years of age. 
Electrocardiography showed atrial flutter that was con- 
verted to sinus rhythm by direct current shock. Only 
unifocal ventricular ectopic beats were sporadically found 
in an ambulatory electrocardiogram after the recovery. 
The cardiothoracic ratio was 55%. Ultrasonic cardiogra- 
phy revealed no particular change except slight paradox- 
ical movement of the created interventricular septum [7]. 
She was discharged with regular sinus rhythm. Although 
there were four episodes of tachyarrhythmia during the 
last 2 years of her life, she had been doing well while she 
was in normal sinus rhythm. When she was 22 years old, 
she suddenly collapsed and was urgently admitted to a 
nearby hospital, where she was pronounced dead. 

The autopsy findings were the following. The heart 
weighed 420 g and had a normal ventricular wall thick- 
ness, 9 mm in the right and 15 mm in the left-sided 
ventricle created by the septation (Fig 1). The volume of 
both ventricles was satisfactory given her physical consti- 
tution. The interventricular septum, however, was almost 
entirely composed of the Teflon patch covered with a thin 
layer of fibrous tissue, through which the suture materials 
were seen. Crevice formation 2 cm in depth was found in 
the apex between the right and the left ventricle (see Fig 
1). No stenosis was found in the right ventricular outflow 
tract. The atrioventricular valves and the distribution of 
the coronary artery system looked normal. 

Microscopically, there was no abnormal finding in the 
myocardium of both ventricles. In the free wall of the 
right atrium, however, extensive severe fibrosis was 
found. 
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Fig 1. Cross section of the heart 14 years after septation for single 
ventricle. (a) Photograph of the cross sections sliced in 1 cm thickness 
from the apex of the left ventricle. (b) Schema of slicing lines. A crev- 
ice, 2 cm in depth, was found in the apex between the left and right 
ventricle. 
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Comment 


One of our interests concerning ventricular septation for 
single ventricle performed during childhood is that of 
growth of the heart. This report documents the autopsy 
findings in a 14-year survivor with single ventricle who 
underwent ventricular septation at 8 years of age. The 
patient, although she had several episodes of atrial flutter 
during the last 2 years of her life, led a full and active life 
for more than 12 years after the corrective operation, and 
suddenly died at 22 years of age from unknown cause. 

The autopsy findings suggest that the reconstructed 
heart with a prosthetic septum had grown up well with 
morphologically normal myocardial architecture of the 
ventricular wall. Both ventricles developed satisfactorily 
in volume and in wall thickness suitable to each ventric- 
ular function. The interventricular septum, however, did 
not develop well, and was almost entirely composed of 
the Teflon patch. Crevice formation found in the apex 
seemed to result from the nongrowing septum. In a report 
of postoperative study of patients with ventricular septa- 
tion, Shimazaki and co-workers [6] hypothesized that the 
size of the prosthetic septum should be as small as 
possible because the paradoxical movement of the non- 
contractile area could impair left ventricular function. It 
seemed that the nongrowing small septum, which was 
confirmed to be almost entirely composed of the small 
Teflon patch, did not affect the patient's cardiac function 
throughout her life. 

Extensive replacement of the right atrial myocardium 
by fibrosis may presumably relate to the atrial flutter, but 
it is not certain that the fibrosis caused ultimately fatal 
arrhythmias, which could not be predicted by Holter 
electrocardiography. 


References 


1. Hallman GL, Gill SS, Bloodweil RD, et al. Surgical treatment 
of cardiac defects associated with corrected transposition of 
the great vessels. Circulation 1967;36(Suppl 1):133-42 

2. Kawashima Y, Mori M, Fujita T, et al. Single ventricle: report 
of a successful corrective surgery. } Jpn Assoc Thorac Surg 
1971;19:67-72. 

3. Gale AW, Danielson GK, McGoon DC, Mair DD. Modified 
Fontan operation for univentricular heart and complicated 
congenital lesions. ] Thorac Cardiovasc Surg 1979;78:831-8. 

4. Kawashima Y, Kitamura $, Matsuda H, et al. Total cavopul- 
monary shunt operation in complex cardiac anomalies. A new 
operation. ] Thorac Cardiovasc Surg 1984;87:74-81. 

5. Van Praagh R, Ongley PA, Swan HJC. Anatomic types of 
single or common ventricle in man: morphologic and geomet- 
ric aspects of 60 necropsied cases. Am } Cardio! 1964;13:367- 
86. 

6. Shimazaki Y, Kawashima Y, Mori T, et al. Ventricular function 
of single ventricle after ventricular septation. Circulation 1980; 
61:653-60. 

7. Nakano S, Kawashima Y, Tomokuni T, et al. Postoperative 
evaluation of a successfully corrected case with single ventri- 
cle. Echocardiographic findings. Jpn J Thorac Surg 1975; 
28:503-7. 
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A neurilemoma of the diaphragm in an asymptomatic 
46-year-old woman is reported, and 12 cases of primary 
neural tumor of the diaphragm reported previously are 
reviewed. The common symptoms in these patients are 
chest pain, cough, and dyspnea. Joint pain or clubbing of 
the fingers is present in nearly half of the patients. As 


p=. neural tumors of the diaphragm are rare, 
representing approximately 10% of neoplasms of the 
diaphragm. Since the first report of a primary neurogenic 
diaphragmatic tumor in 1945 [1], only 12 such cases have 
been recorded. This study reports a patient with a neuri- 
lemoma of the diaphragm, and reviews previously re- 
ported cases of neural tumors of the diaphragm. 


In September 1984, an asymptomatic 46-year-old woman 
was evaluated because of a mass in the right side of the 
chest seen on a roentgenogram (Fig 1). The mass had been 
seen on a chest roentgenogram 5 years earlier, and at that 
time was thought to represent a cyst or diaphragmatic 
hernia. The mass appeared to have increased in size 
during the 5 vears. The patient did not smoke. Her 
medical history included a cardiac arrest 8 years earlier, 
which was thought to have resulted from an overdosage 
of “diet pills” and thyroid medication. She was subse- 
quently thought to have forgetfulness and impaired abil- 
ity to concentrate. Her physical examination was normal. 

The chest was explored through the right fifth intercos- 
tal space. A multilobulated, firm, 10-cm mass was found 
attached to the right side of the diaphragm. A biopsy was 
performed, and the tumor was found to be composed 
primarily of spindle cells. Because of concern that the 
tumor might arise from or involve the liver and because of 
poor exposure of the posterior and inferior aspects of the 
tumor, the operation was stopped. During the next sev- 
eral days, the patient was evaluated with a liver scan and 
computed tomography (Fig 2), both of which showed that 
the tumor did not involve the liver. 

_ Five days after the first operation, the tumor (Fig 3) was 
completely removed by means of a thoracotomy through 
the bed of the resected 11th rib. The diaphragmatic defect 
was closed primarily. Recovery was uneventful. Histolog- 
ical examination revealed that the tumor was composed of 
interdigitating bundles of spindle cells. Focally, evidence 
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with diaphragmatic tumors in general, many neural 
tumors of the diaphragm are malignant. We believe that 
all such tumors should be resected through a thoracot- 
omy incision, which affords optimal exposure of the 
diaphragm. 

(Ann Thorac Surg 1989;48:126-8) 


of palisading nuclei was seen. The microscopic features 
were those of a neurilemoma. The patient has been 
followed for 4 years without evidence of recurrence. 


Comment 


Primary tumor of the diaphragm.was first reported in 1868 
when Grancher [2] discovered a fibroma of the diaphragm 
during an autopsy. The most exhaustive review of the 
subject, by Wiener and Chou [3] in 1965, documented 71 
diaphragmatic tumors. An additional 14 cases were re- 
viewed by Olafsson and associates [4] in 1971. Of these 85 
total cases, 52 (61%) were benign, including 18 cystic 
tumors. Thirty-three (39%) of the tumors were malignant. 

Diaphragmatic tumors can be seen at any age, but more 
than half of the patients are between 40 and 60 years old. 
Men and women are affected equally. According to 
Wiener and Chou [3], 80% of patients are symptomatic, 
with chest or abdominal pain, cough, and dyspnea being 
the most common complaints. Twenty percent of patients 
are asymptomatic; in these patients, the tumors were 
discovered incidentally on routine chest roentgenogram 
or at autopsy. 

Including the present case, 13 cases of primary neural 
tumors of the diaphragm have been reported, including 4 
neurilemomas, 6 neurofibromas, and 3 neurofibrosarco- 
mas (Table 1). Nine patients were female and 4 were male; 
their ages ranged from 5 to 65 years. These tumors 
involved the right side of the diaphragm in 6 patients and 
the left side in 7. 

Nine of the 13 patients were symptomatic, with cough, 
chest pain, dyspnea, and clubbing of the fingers being the 
most common complaints. Three patients, including the 
one described here, were asymptomatic. Six patients with 
primary neural diaphragmatic tumors had clubbing of the 
fingers. In fact, in 2 of the 6 patients, clubbing was the 
only complaint. Wiener and Chou [3] found that clubbing 
of the fingers was associated almost exclusively with 
neural tumors of the diaphragm. Clubbing of the fingers 
was seen in more than 60% (5/8) of the neural diaphrag- 
matic tumors, but was seen in only one of the remaining 
63 diaphragmatic tumors that were not of neural origin. 
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Fig 1. Mass in right side of chest seen on (A) posteroanterior and (B) lateral chest roentgenograms. 


Surgical removal of the tumor was uniformly successfulin preoperative evaluation of these tumors may be aug- 
relieving the clubbing. mented by a liver-spleen scan, pneumoperitoneography, 
In addition to the standard chest roentgenogram, the or computed tomography of the abdomen and chest. In 


Table 1. Summary of Reported Cases of Neural Diaphragmatic Tumors 











Symptoms 
joint Swelling 

Author Age Sex Side Pain Cough Dyspnea or Clubbing Pathological Diagnosis 
Klassen et al [1] 42 M R + + ~ + Neurofibroma 
Samson and Childress [5] 56 M L + + Neurofibrosarcoma 
Samson and Childress [5] 50 F R — + — Neurofibrosarcoma 
Sweet and Gephart [6] 26 F L = = 5 - Neurofibroma 
Weisel et al [7] 55 F L + + + = Neurilemoma 
Trivedi [8] 5 F L = - ~ + Neurilemoma 

Alix and Oliva [9] 57 M R = = = + Neurofibroma 
Petrovskii and Nikolaev [10] 40 F R + + + + Neurofibroma 
Sarot et al [11] 65 M L 7 oe = re Neurilemoma 
Kibardina [12] 56 F L + + + a Neurofibroma 
Rabkin and Akperbekov [13] 40 F R ND ND ND ND Neurofibroma 
Doyle [14] 37 F L + = = F Neurofibrosarcoma 
McClenathan and Okada 46 F R oe Si = = Neurllemoma 


(present case) 





F = female; L = left; M = male; ND = na data; R = right: + = present; ~ = absent 
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Fig 2. Computed tomographic scan shows mass. 


our patient, the liver scan and tomographic scan were 
valuable in ensuring that the tumor did not involve the 
liver. 





Fig 3, Gross morphological appearance of neurilemoma. 
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The appropriate treatment of primary neural tumors of 
the diaphragm is prompt surgical resection. The tumors 
should be approached through a thoracotomy incision, 
which will provide optimal exposure of the involved 
diaphragm. 
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HOW TO DO IT 


Use of a Double-Lumen Pressure Monitoring 
Catheter to Facilitate Pulmonary Artery Banding 


Steven J. Phillips, MD, John Gay, MD, Basaviah Chandramouli, MD, 
Mark Spector, MD, DO, Chamnahn Kongtahworn, MD, and Robert H. Zeff, MD 


Department of Cardiovascular Medicine and Surgery, Mercy Hospital Medical Center, Des Moines, Iowa 


Pulmonary artery banding is facilitated by simulta- 
neously measuring the pressure above and below the 
band. This can be accomplished with a commercially 
available double-lumen central venous pressure moni- 
toring catheter. This catheter is inserted through the 


anding of the pulmonary artery is an accepted pallia- 

tive technique in patients with excess pulmonary 
blood flow. Banding techniques vary somewhat from 
institution to institution, but adhere to the principle of 
reducing the pulmonary artery pressure distal to the 
band. 

Many variables are used to assess the effectiveness of 
the banding. These include changes in heart rate, arterial 
oxygen saturation, the pressure gradient across the band, 
and the difference between the systemic pressure and the 
pulmonary artery pressure distal to the band. Trusler and 
Mustard suggested a technique that involves banding to a 
circumference based on the lesion added to the weight of 
the child, which has been critically evaluated long-term by 
Albus and associates [1]. 

A simple adaptation of a double-lumen central venous 
pressure catheter (Arrow International Inc, Reading, PA) 
so that the proximal and distal ports are connected to 
pressure transducers allows continuous monitoring of 
proximal and distal pulmonary artery pressures during 
the dynamic phase of the banding. These pressure 
changes are simultaneously compared with the systemic 
arterial pressure and correlated with arterial saturation 
and pulse rate. 


Technique 


A double-lumen central venous pressure catheter has 
both ports connected to pressure transducers. The thora- 
cotomy is performed and a loose band is placed around 
the pulmonary artery. The catheter is then inserted 
through a small pursestring suture in the pulmonary 
artery or right ventricular outflow tract. The proximal and 
distal ports are approximately 2 cm apart, which facilitates 
positioning the two ports above and below the area to be 
banded. As the band is gradually tightened the pressures 
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outflow tract of the right ventricle and positioned so that 
the band will be between the two lumens. Gradual 
tightening of the band can be accomplished while mon- 
itoring the pressures proximal and distal to the band. 
(Ann Thorac Surg 1989;48:129) 


are continuously monitored and the changes in the two 
pulmonary pressures are observed. When adequate mea- 
surements are achieved the band is fixed in place. The 
chest retractor can be closed and the lung allowed to 
reexpand for more accurate assessment of the pressure 
dynamics. With completion of the procedure the catheter 
is removed and the pursestring suture tied. The chest is 
closed in the usual fashion. 


Comment 


Pulmonary artery banding is a standard procedure used 
in patients who cannot otherwise undergo definitive 
types of repair. Though it is our policy to perform early 
total correction, certain congenital lesions can only be 
palliated until a second-stage repair can be performed. In 
addition, many centers outside the US are not able to 
perform definitive operations on infants and the only 
option is palliation. The purpose in banding is to reduce 
pulmonary blood flow and protect the pulmonary arteries 
from hypertensive changes. Typically, measurements of 
pressures proximal and distal to the pulmonary band are 
compared with the systemic arterial pressure. A simple 
technique of using a double-lumen central venous cathe- 
ter for simultaneous measurement of the pressures above 
and below the band is described. Utilizing the simulta- 
neous pressure technique with the indwelling double- 
lumen catheter, it allows a more accurate estimation of the 
tightness of the pulmonary band. The band’s effective- 
ness can be correlated with other variables such as arterial 
saturation, heart rate, and systemic pressure. This tech- 
nique facilitates the pulmonary banding and eliminates 
the need for multiple pulmonary arterial sticks while 
allowing simultaneous monitoring of pressures. This 
technique has been used in 5 patients (newborn to 9 years 
of age) without complication. 
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Heart/Heart-Lung Transplantation 


The Domino Procedure 


Nicholas C. Cavarocchi, MD, and Michael Badellino, MD 
Department of Surgery, Temple University Hospital School of Medicine, Philadelphia, Pennsylvania 


Orthotopic heart transplantation has become an accepted 
therapeutic modality limited only by availability of do- 
nor organs. Heart-lung transplantation is also being 
performed with increasing frequency due to improve- 
ments in distant procurement techniques. Although the 
majority of patients requiring heart-lung transplantation 


(© s heart transplantation has become a com- 
monly performed treatment for patients with end- 
stage heart disease, although availability of suitable donor 
organs continues to limit its application. Heart-lung trans- 
plantation, initially less successful due to difficulties in 
lung preservation, is now being performed in increasing 
numbers, - particularly with the introduction of simple 
hypothermic flush techniques that have allowed for dis- 
tant procurement of heart-lung allografts. The majority of 
patients requiring heart-lung transplantation have severe 
cardiac dysfunction secondary to long-standing pulmo- 
nary disease. A substantial subset of patients with end- 
stage lung disease have no cardiac compromise. It has 
been suggested that such patients could serve as donors 
of cardiac allografts before heart-lung transplantation 
(personal communication from N. C. Cavarocchi to J. 
Wallwork at Papworth Hospital, Cambridge, England, 
October 1985). We present our clinical results with this 
technique for sequential heart/heart-lung transplantation 
in such a subset of patients. 


Technique 


Heart-Lung Donor Operation 
After median sternotomy and removal of the thymus 
` gland, the innominate vein is mobilized to its junction 
with the superior vena cava (SVC) and the azygous vein is 
identified and ligated. The aorta is dissected free from the 
pulmonary artery (PA) up to the level of the ligamentum 
arteriosum, and the innominate artery is encircled, li- 
gated, and divided. The lateral pericardial reflection over 
the PA is mobilized and the innominate vein is ligated and 
divided. The pleurae are opened bilaterally and the infe- 
rior pulmonary ligaments mobilized. A pursestring suture 
is placed in the PA for placement of a pulmonary infusion 
catheter. 

The pleurae are incised vertically through the phrenic 
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have cardiac dysfunction, there is a subset with no 
cardiac compromise that can serve as donors of cardiac 
allografts before heart-lung transplantation. We report a 
technique for sequential heart/heart-lung transplantation 
in such a subset of patients. 

(Ann Thorac Surg 1989;48:130-3) 


nerves to the level of the hilum bilaterally. The PA is 
cannulated and a precooling infusion begun. The trachea 
is then dissected 5 cm above the carina. 

The SVC is divided, the inferior vena cava (IVC) is 
clamped, and the heart is allowed to beat empty. The 
aorta is cross-clamped and the heart is arrested with 1 L of 
St. Thomas’ solution at 4°C. The left side of the heart is 
decompressed by excising the tip of the left atrial append- 
age. Preservation of the lungs is accomplished using a 
hypothermic crystalloid flush technique [1]. After infu- 
sion of 300 mL of heart cardioplegia, gravity infusion of 
the pulmonary “plegia” solution is begun. After complete 
perfusion of both the heart and pulmonary circuit the 
aorta is transected, and the endotracheal tube is with- 
drawn to the level of the vocal cords. The lungs are 
inflated with room air to “half-volume’ (10 mm Hg 
inflation pressure) and the trachea is clamped and di- 
vided. The posterior mediastinal dissection is initiated 
from the transected trachea, moving inferiorly behind the 
hila and anterior to the esophagus. An incision is made 
transversely across the inferior posterior mediastinum at 
the diaphragm and the dissection is completed. The 
heart-lung block is removed after ligation of the IVC. 


Heart-Lung Recipient Operation 

After standard median sternotomy, both pleural cavities 
are explored and any adhesions are taken down with 
electrocautery before heparinization. The pericardium is 
then incised anteriorly in the midline. Venous cannula- 
tion of the heart-lung recipient can be via the IVC as 
inferiorly as possible inside the pericardium or via the 
femoral vein (Fig 1). The SVC is cannulated above the 
SVC-right atrial junction and the azygous vein is con- 
trolled. An aortic cannula is placed in standard fashion in 
the ascending aorta, cardiopulmonary bypass is initiated, 
and the patient is cooled to 20°C. The aorta is cross- 
clamped and St. Thomas’ cardioplegia is administered 
with decompression of the heart via an incision in the left 
inferior pulmonary vein. After administration of car- 
dioplegia the heart is excised by dividing both the ascend- 
ing aorta and the PA in their midportions, to allow 
adequate length for all subsequent anastomoses. The SVC 
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Fig 1. Venous cannulation of the heart-lung recipient. The inset 
shows a posterior view of the azygos vein controlled by a vessel loop 
with the superior vena cava cannulated. The inferior vena cava is can- 
nulaied inside the pericardium as inferiorly as possible. The alternate 
approach is to cannulate the femoral vein and control the inferior vena 
cava with an umbilical tape inside or outside the pericardium. 


is transected above the junction with the right atrium and 
the IVC is divided above the [VC-right atrial junction 
leaving a rim of atrial tissue on the IVC (Fig 2). The 
pulmonary veins are cut flush with the posterior pericar- 
dium and the heart is removed (Fig 3). 

After removal of the donor heart, incisions are made 
posterior to the left and right phrenic nerves immediately 
anterior to the hilum; the incisions extend from the PA to 
the diaphragms. The left atrium is divided into a left and 
right half and the pulmonary veins are freed from the 
posterior connective tissue with careful preservation of 
the left vagus nerve and esophagus posteriorly. Careful 
hemostasis with both electrocautery and surgical staples 
is of paramount importance in the posterior mediastinum. 
The right and left PAs are transected. The bronchi are 
exposed, retracted well out toward the lateral chest wall, 
stapled, and transected (Fig 4). The trachea is exposed to 
the right of the aorta and transected immediately above 
the carina with careful preservation of surrounding blood 
supply. 

The donor heart-lung block is passed onto the field and 
the donor trachea is unclamped and trimmed above the 
carina. The lungs are passed beneath the phrenic nerve 
pedicles (Fig 5). The tracheal anastomosis is then per- 
formed using continuous 3-0 polypropylene suture. The 
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Fig 2. The heart-lung recipient after the recipient heart has been ex- 
cised and preserved for implantation. Both the aorta and pulmonary 
artery were divided in their midportion, the superior vena cava was 
divided above the junction with the right atrium avoiding the sino- 
atrial node, and the inferior vena cava was divided above the inferior 
vena cava-right atrium junction leaving a rim of atrium on the infe- 
rior vena cava. Care is taken to have sufficient tissue at the ascending 
aorta, inferior vena cava, and superior vena cava stump for anastomo- 
sis. 


recipient's left PA is divided along its inferior surface and 
rotated 180 degrees to encircle the tracheal anastomosis. 
This flap is sutured into place using 5-0 polypropylene 
sutures. Hypothermic protection of the heart-lung block is 





Fig 3. The excised cardiac allograft from the heart-lung recipient dem- 
onstrates the truncated inferior vena cava and the stump on the supe- 
rior vena cava. The superior vena cava stump was suture-ligated with 
care to preserve the sinoatrial node. The inferior vena cava opening 
was extended along the crista terminalis to prepare the right atrium to 
right atrium anastomosis in the cardiac recipient. 


132 HOW TO DOIT CAVAROCCHI AND BADELLINO 


HEART/HEART-LUNG TRANSPLANTATION 


Ann Thorac Surg 
1989;48:130-3 





Fig 4. The pulmonary artery is transected as distally as possible to 
preserve it for later use as a pedicle flap to the tracheal anastomosis. 
Staple closure of the main bronchi allows for minimal contamination 
of the mediastinum. Avoid any damage to the esophagus and phrenic 
or vagus nerves. 


maintained during implantation by continuous lavage 
with cold saline solution. The SVC, IVC, and aortic 
anastomoses are performed with running 4-0 polypropyl- 
ene suture (Fig 6). 

When all anastomoses are complete the chest is emp- 
tied of fluid and the caval snares are removed (Fig 7). The 


Fig 5. Donor heart-lung block being 
positioned into the heart-lung recipi- 
ent. As the right or left lung, or 
both, is being passed beneath the 
phrenic pedicles, care must be taken 
to avoid any torsion of the main pul- 
monary or hilar vessels. At the same 
time the superior vena cava and infe- 
rior vena cava are aligned and 
trimmed to avoid any excess tissue. 
Tracheal tissue on the donor is 
trimmed to approximately 0.5 to 1.0 
cm above the carina for anastomosis. 
Pleural space and size disparity be- 
tween donor and recipient can be cor- 
rected in this maneuver by increasing 
or decreasing the length of the re- 
maining recipient trachea before anas- 
tomosis. 





Fig 6. The three anastomoses in the heart-lung transplant procedure: 
the trachea, superior vena cava, and inferior vena cava. With the tra- 
cheal anastomosis the membranous portion is used to adjust for any 
size disparity. It is critical not to disrupt or injure the remaining 
blood supply to the trachea. Care is taken with the vena cava anasto- 
mosis to avoid any pursestringing of the anastomosis or twisting of 
the donor or recipient vessels. 


aortic cross-clamp is removed with the patient in the 
Trendelenburg position and air is removed from the heart 
via the aortic root vent site and a left ventricular puncture 
site. The patient is rewarmed and ventilated with 40% O, 
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Fig 7. The completed heart-lung transplant procedure. 


with 5 cm of positive end-expiratory pressure. Cardiopul- 
monary bypass is discontinued and isoproterenol is in- 
fused to maintain a heart rate of approximately 100 beats 
per minute. 


Heart Recipient Operation 


The donor heart is implanted in the recipient as de- 
scribed by Lower and Shumway [2], except for suture 
ligation of the SVC stump. 


Results 


At Temple University Hospital from May 1987 to January 
1988 we have used this operative technique in the perfor- 
mance of three successful heart/heart-lung transplanta- 
tions. 

The paired heart-lung recipients/live heart donors and 
heart recipients were: a 27-year-old man with end-stage 
lung disease secondary to primary agammaglobulinemia 
with a 52-year-old woman with end-stage valvular heart 
disease; a 26-year-old man with end-stage lung disease 
secondary to cystic fibrosis with a 47-year-old woman 
with end-stage idiopathic cardiomyopathy; and a 21- 
year-old woman with end-stage lung disease secondary to 
cystic fibrosis with a 32-year-old man with end-stage 
idiopathic cardiomyopathy. 


HOWTO DOIT CAVAROCCHIANDBADELLINO 133 
HEART/HEART-LUNG TRANSPLANTATION 


Table 1. Results of the Domino Procedure 








Transplant Length of 

Patient Procedure Survival 

No. Allograft (days) Complications 

1 Heart-lung 590 Rejection, streptococcal 
pneumonia 

2 OHT 72 Sepsis 

3 Heart-lung 467 Sternal wound infection 

4 OHT 467 None 

5 Heart-lung 36 Rejection, cytomegalovirus 
penumonitis 

6 OHT 358 None 


OHT = orthotopic heart transplant. 


Immediate graft function was demonstrated in all heart 
and heart-lung organs. There were no early or late surgi- 
cal complications from the procedure. The follow-up is 65 
months for all organs. 

Among the heart recipients 1 patient died at 72 days 
secondary to systemic sepsis with intact allograft function; 
1 heart-lung recipient died at 36 days secondary to cyto- 
megalovirus pneumonitis. Complications among heart- 
lung recipients included two episodes of treated isolated 
pulmonary rejection, one episode of cytomegalovirus 
pneumonitis, one episode of streptococcal pneumonia, 
and one episode of superficial sternal wound infection 
(Table 1). 


Comment 


In the past heart-lung transplantation has been performed 
mainly for primary pulmonary hypertension and Eisen- 
menger syndrome. Today heart-lung and bilateral single- 
lung transplant procedures are being offered to patients 
with end-stage lung diseases but with no cardiac compro- 
mise. In such patients the heart is usually a viable organ 
for another patient. The domino procedure is another 
attempt to increase the cardiac donor pool. 
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Simplified Technique for Open Placement and 
Removal of Intraaortic Balloon 


Robert F. Hebeler, MD 
Baylor University Medical Center, Dallas, Texas 


A rapid simplified technique for removal of a surgically 
placed intraaortic balloon is described. 
(Ann Thorac Surg 1989;48:134-6) 


o balloon counterpulsation is an effective 
method of mechanical support in the postcardiotomy 
patient [1]. Previously, insertion of the balloon required 
surgical exposure of the common femoral artery and 
end-to-side anastomosis of a prosthetic graft to an artery 
[2]. Percutaneous placement of the balloon has shown to 
be as safe as the conventional technique [3], but is not 
always possible for those patients with soft femoral arter- 
ies or extensive adipose tissue or those on cardiopulmo- 
nary bypass in whom a femoral pulse is not palpable. 

Direct placement of the percutaneous sheath in the 
common femoral artery can be accomplished after surgical 
exposure of the artery, rather than placement utilizing an 
end-to-side prosthetic graft. However, both the open 
transarterial and conventional graft technique require 
open removal and arterioplasty. 

A technique is described for patients without clinically 
significant anterior common femoral artery plaques that 
simplifies balloon removal, thus enabling it to be done as 
a brief procedure in the Intensive Care Unit. 


Technique 


The common femoral artery is exposed through an 
oblique groin incision and is then punctured with a Cook 
or Cornan needle, and the J wire is threaded up the aortic 
arch (Fig 1). Progressive dilation of the arteriotomy is 
accomplished with graded plastic cannulas and then the 
deflated balloon is passed up to the appropriate distance. 
Intraaortic ballcon pumping is established, and when 
satisfactory, a mattress or pursestring 5-0 monofilament 
suture is carefully placed around the introducer sheath 
(Fig 2). The sheath may be removed with a Datascope 
sheath stripper to allow more flow in smaller arteries. The 
suture is then secured with a short, 2-inch, red rubber 
Rummel tourniquet and is fixed in place with several 
metal clips placed so as not to damage the suture (Fig 3). 
The wound is then closed over the Rummel tourniquet 
and suture (Fig 4). 

-Removal of the balloon is performed under 1% Xy- 
locaine (lidocaine) local anesthesia. The wound is pre- 
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Fig 1. The dilator and introducer sheath are introduced over the 
guidewire into the exposed common femoral artery. 


pared, draped, and opened. Systemic heparinization is 
not necessary in most cases as pumping is discontinued 
immediately before balloon removal. The tourniquet is 
released, the balloon is aspirated completely, and the 
balloon and sheath are then removed as a unit. The artery 
is flushed proximally and distally with digital pressure or 
vascular clamps (Fig 5). The previously placed suture is 
then tied with minimal narrowing of the artery. If a 
thrombectomy is required this can usually be performed 





Fig 2. A pursestring suture is placed around the sheath. 
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Fig 3. A Rummel tourniquet securing the pursestring suture is placed 
into the wound. 


through the arteriotomy without disruption of the suture. 
Additional sutures, if necessary, are easily placed. 





Fig 4. The wound is closed over the tourniquet. 


INVITED COMMENTARY 


This article by Hebeler is timely, and the method de- 
scribed is appropriate to facilitate the insertion of balloons 
in obese people or in pulseless femoral arteries and to 
remove them without the need for a return to the oper- 
ating room. 
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Fig 5. The balloon is removed and the femoral is artery flushed; the 
suture is tied. 


Comment 


This technique is expedient and applicable in many pa- 
tients requiring open placement of the intraaortic balloon. 
It obviates scheduling delays with the operating room and 
additional major charges to the patient. Additionally, it 
may decrease thromboembolic complications related to 
restricted flow by the introducer sheath while maintaining 
hemostasis from the arterioctomy. This technique has been 
used in over a dozen patients to date with no complica- 
tions observed. 
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It is our practice in high-risk surgical patients to place at 
least a guidewire, if not a femoral arterial line, in these 
patients before induction of anesthesia. This wire is left in 
the sterile operative field and, in fact, can be used for 
monitoring. Should the need arise for intraaortic balloon 
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pumping, even on cardiopulmonary bypass, the guidewire 
has already accessed the femoral artery, making percuta- 
neous insertion easily possible. Certainly cutting down on 
the artery is a fairly safe technique, but as has been 
established previously, the balloon must then be removed 
directly by opening the wound and suturing the artery. 
Hebeler has described an innovative method of purse- 
string suture azound the arteriotomy site to obviate the 
need for formal exploration of the artery and to convert 
the removal to a bedside technique. It should be stressed 
that when removing the percutaneous balloon and 
sheath, direct pressure should be applied distally to the 
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femoral artery so that any embolic debris that is dislodged 
during the removal process will not embolize down the 
distal extremity. l 

The technique described will certainly make it easier to 
deal with these critically ill patients at the bedside in a 
safer fashion. 


David Bregman, MD 

Chairman, Department of Surgery 

St. Joseph's Hospital and Medical Center 
703 Main St 

Paterson, N] 07503 





CLASSICS IN THORACIC SURGERY 


Evolution of Surgical Treatment of Thoracic 


Aortic Aneurysms 
Denton A. Cooley, MD 


Division of Cardiovascular Surgery, Texas Heart Institute, Houston, Texas 


Aneurysms of the thoracic aorta remain a challenge to 
surgeons. My early experience began in 1950, when I 
excised a large aneurysm in one of Dr Alfred Blalock’s 
patients. The patient survived and was cured. This 
experience convinced me that aortic aneurysms could be 
treated successfully by aggressive surgical means. Treat- 


urgical treatment of aneurysms of the thoracic aorta 

has progressed strikingly during the past four dec- 
ades, as surgeons have exercised their ingenuity, gained 
confidence in their technical skills, and employed new 
diagnostic and therapeutic devices and tools against these 
challenging lesions. Many of the successes in this field 
have gone almost unnoticed, however, when compared 
with the interest and excitement shown to cardiac surgery 
in general. Most of the accomplishments in the definitive 
and curative treatment of lesions of the thoracic aorta 
have occurred in the second half of this century. 

While I was a resident in the Halsted Surgical Service at 
Johns Hopkins Hospital, I was confronted with a serious 
problem in one of Dr Alfred Blalock’s patients, a 32- 
year-old man who was admitted to the hospital with a 
large, painful aneurysm in the right superior mediasti- 
num. Several months earlier, the patient had been admit- 
ted for a right supraclavicular pulsation. He was found to 
have a postductal coarctation of the aorta. Dr Blalock 
excised and repaired the coarctation, hoping to forestall 
enlargement and inevitable rupture of the aneurysm. At 
the time of the second admission, Dr Blalock was enjoying 
a sojourn in Honolulu as a visiting professor. In his 
absence, the late Dr Mark Ravitch was the staff surgeon, 
and as rupture of the lesion seemed imminent, he gave 
me permission to proceed with operation on the aneu- 
rysm. 

The operation that I performed on April 28, 1950, 
involved excision of the large aneurysm, including the 
sac, and ligation of the right subclavian artery proximally 
and distally. The patient survived and was cured. After 
Dr Blalock’s return, in his usual modest and generous 
manner, he stated at Grand Rounds that he would not 
have had the courage to attempt excision. 

Upon joining the surgical faculty at Baylor University 
College of Medicine in July 1951, I was confronted with a 
similar problem in a 46-year-old man who had a syphilitic 
aneurysm of the aortic arch that began at the origin of the 
innominate artery. This lesion was successfully resected, 
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ment, however, has changed from the early emphasis on 
excision of the lesion to the present belief in restoration 
of circulatory continuity using a suitable Dacron graft, or 
endoaneurysmorrhaphy. 


(Ann Thorac Surg 1989;48:137-8) 


the arch was repaired, and the right subclavian and 
common carotid arteries were ligated. The patient sur- 
vived and was cured. These 2 cases and a few others were 
reported before the Southern Surgical Association on 
December 1, 1951 [1]. 

This early experience convinced me that an aggressive 
approach to aortic aneurysms was justified and necessary. 
Emphasis in those early cases was placed on excising the 
aneurysm and restoring aortic continuity by a lateral 
aortorrhaphy. Among the limitations on excisional ther- 
apy at that time were the need to maintain cardiac 
function and continuous blood flow through the ascend- 
ing and transverse aortic arch and lack of suitable graft 
materials. Thus, treatment in those early years had to be 
confined mostly to sacciform aneurysms in which a vas- 
cular clamp could be applied to the neck of the lesion and 
aortic continuity restored by a sutured aortorrhaphy. 
Introduction of temporary cardiopulmonary bypass in the 
mid-1950s overcame this major obstacle. Meanwhile, the 
introduction of synthetic fabric grafts of appropriate de- 
sign and durability proceeded, permitting replacement of 
the thoracic aorta with assurance of long-term survival 
and minimal complications. 

Of interest to me now is the transition from our original 
emphasis on excision of the lesion to the present belief in 
restoration of circulatory continuity using a suitable Dacron 
graft. Interestingly, Rudolph Matas, just over a century 
ago, described a method for repair of a peripheral arterial 
aneurysm and coined the term “restorative endoaneu- 
rysmorrhaphy” [2] for his procedure. That early concept 
is now the basis for much modern treatment of aneurysms 
of the thoracic aorta, ie, the sac is closed over the synthetic 
graft to avoid unnecessary mediastinal dissection and to 
control and reduce blood loss. 

Especially challenging, and often frustrating during the 
early years, were lesions that involved the transverse 
aortic arch and the carotid and subclavian arteries. Vari- 
ous methods of preserving cerebral viability during such 
operations were attempted by us and others with unpre- 
dictable and inconsistent results. Shunts, which were 
used in an attempt to maintain physiological blood flow to 
the cerebrum, often led to complications resulting mostly, 
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in my experience, from excessive flow into the delicate 
tissues of the brain. The introduction of hypothermic 
circulatory arrest using cardiopulmonary bypass has fi- 
nally provided a more reliable means of dealing with such 
lesions. The optimum temperature needed to protect the 
brain for a period necessary to accomplish repair, how- 
ever, remains unsettled. At very low levels of hypother- 
mia, complications such as coagulopathy and other cold 
injuries may result. Our own experience has indicated 
that an induced temperature of 24° to 20°C suffices for 
most repairs in the transverse arch and provides 30 
minutes of protection in a bloodless field [3]. As we gain 
further experience with this technique, we may find that 
some pharmacological adjuncts will ensure better cerebral 
protection during the ischemic period. 

One challenge remains in the surgical treatment of 
thoracic aneurysms, ie, finding a method to repair lesions 
in the descending thoracic aorta that will consistently 
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protect the spinal cord from ischemic injury—a complica- 
tion dreaded by thoracic surgeons. As yet, none of the 
numerous methods that have been used or proposed give 
uniformly successful results. Hopefully, however, this 
final problem will also be resolved as surgeons continue to 
search for solutions to clinical problems with aortic aneu- 
rysms. 
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With the evolution of regional trauma systems, patients 
with severe cardiac injury are arriving in emergency 
departments with the potential for survival. This paper 
reviews the 61 survivors of nonpenetrating rupture of the 
free walls of the myocardium reported in the English- 
language literature. The chambers were involved in the 
following frequency: right atrium, 36; left atrium, 11; 
right ventricle, 12; and left ventricle, four. Most victims 
were young males, and 85% were involved in motor 
vehicle accidents. Seventy percent had an admission 


"EY surgical emergencies present so great a diagnostic 
challenge or provide as great a therapeutic reward,” 
wrote Driscoll [1] in 1973, in a discussion of nonpenetrat- 
ing rupture of the heart. While it is estimated that blunt 
cardiac rupture accounts for 5% of the 50,000 annual 
highway deaths in the United States [2], survival from this 
injury is rare. The recent successful management of a 
patient with nonpenetrating rupture of the left ventricle, 
as well as the presentation of three nonsurvivors with 
blunt rupture of the heart, prompted this review. 


History 


The first description of rupture of the heart secondary to 
nonpenetrating trauma is variably credited to Borch in 
1676 [3] or Akenside in 1753 [4, 5]. In 1826, Berard 
reported laceration of the left atrium in a young boy who 
fell from a window and died two and one-half hours later 
of tamponade [6]. 

Riolan first suggested pericardiocentesis for treatment 
of cardiac wounds in 1649. Larrey, surgeon for Napoleon, 
in 1829 performed the first pericardial drainage for cardiac 
tamponade; the patient, a soldier, survived [7]. 

The first successful cardiorrhaphy, for a penetrating 
wound, was reported by Rehn in 1897 [8, 9]. Over 50 
years passed before Desforges and associates [10], in 1955, 
reported the first successful repair of a nonpenetrating 
cardiac rupture, in a male victim of a motor vehicle 
accident who sustained a tear of the right atrial-superior 
vena caval junction. 


Incidence 
Today, the majority of nonpenetrating lacerations of the 
myocardium occur due to motor vehicle accidents. Cal- 
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systolic blood pressure less than 80 mm Hg, 78% had 
distended neck veins or a central venous pressure greater 
than 20 cm H,O, 67% had a widened mediastinum on 
admission chest roentgenogram, and 48% had fractures 
of the bony thorax. More than one hour elapsed before 
initiation of repair in 59%. Forty-eight percent of the 
repairs were performed via a median sternotomy. Car- 
diopulmonary bypass was used in only 10%. 


(Ann Thorac Surg 1989;48:139-42) 


hoon and associates [2], in a 1986 paper, estimated that 
blunt cardiac trauma accounted for 5% of the 50,000 
annual highway deaths in the United States. Leinoff [11] 
and Kemmerer and co-workers [12], in separate autopsy 
series, reported a 4% incidence of cardiac laceration in 
victims of traffic accidents. 

Three recent series addressed the incidence of cardiac 
rupture in blunt trauma [13-15]. In a review of 2,751 
hospital admissions for blunt trauma, Martin and col- 
leagues [13] reported cardiac rupture in 0.5%, half of 
whom survived. In two series of patients admitted for 
blunt chest injury, the incidence of blunt cardiac rupture 
was 2%, with no survivors (14, 15]. 

All four chambers of the heart are susceptible to rupture 
in nonpenetrating trauma. Bright and Beck [16], in 1935, 
reported an autopsy series of cardiac rupture due to blunt 
injury, with a similar frequency of involvement of each 
chamber: right atrium, 36; left atrium, 30; right ventricle, 
31; left ventricle, 37; and two or more chambers, 13. 
Parmley and co-workers [17], in their 1958 autopsy series 
of nonpenetrating, traumatic myocardial rupture, found a 
preponderance of ventricular ruptures: right atrium, 41; 
left atrium, 26; right ventricle, 66; left ventricle, 59; and 
multiple chambers, 106. 

Review of the English-language literature suggests that 
survival is more likely with atrial than ventricular rupture, 
and that right-sided lesions are more likely to be survived 
than left-sided lesions. A total of 61 survivors of rupture 
of the myocardial wall after nonpenetrating injury have 
been reported in the English-language literature. One 
survivor had rupture of both the right ventricle and right 
atrium [1], and another had rupture of the left ventricle 
and right atrium [18]. There have been reported 36 survi- 
vors of blunt right atrial rupture [1, 2, 4, 6, 7, 10, 13, 18, 
19-33], 11 survivors of blunt left atrial rupture [13, 27, 29, 
34-39], 12 survivors of blunt right ventricular rupture [1, 
2, 13, 20, 28, 34, 40, 41], and 4 survivors of blunt left 
ventricular rupture [18, 34, 42, 43]. 
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Mechanism — 


On the basis of their autopsy series and laboratory exper- 
iments, Bright and Beck [16] proposed three mechanisms 
of cardiac rupture in nonpenetrating trauma: (1) bursting 
of the heart by compression between the sternum and 
vertebral column; considered most destructive if the force 
was applied when the heart was full, ie, at end-diastole or 
early systole, and if the force was directed from the base 
toward the apex; (2) increased intrathoracic pressure, 
either direct or indirect (eg, sudden compression of the 
legs and abdomen); and (3) contusion, with subsequent 
necrosis and softening of the myocardium, followed by 
delayed rupture hours to months after the injury. 

In contrast to the third mechanism proposed by Bright 
and Beck, Barber [44], based on autopsy studies, believed 
delayed rupture to be a progression of endocardial lacer- 
ation. He noted that the patients in his series were usually 
asymptomatic in the interval between their injury and 
subsequent rupture, and he suspected that symptoms 
would be manifested if a contusion or infarct were the 
primary lesion. l 

Motor vehicle accidents accounted for 85% of the pa- 
tients who survived rupture of the heart from blunt 
trauma. Other mechanisms of injury include the striking 
of pedestrians by vehicles, crush injuries, and kicking or 
trampling by ungulates. 


Right Atrial Rupture 


The first successful surgical repair of blunt myocardial 
rupture was the repair of a right atrial injury by Desforges 
and co-workers in 1955 [10]. Since then, 35 additional 
survivors of nonpenetrating right atrial rupture have been 
reported [1, 2, 4, 6, 7, 13, 18, 19-33]. 

Several theories have been proposed to explain the fact 
that right atrial rupture is the most common lesion in 
survivors of blunt cardiac rupture. Myhre and associates 
[32] point out that the atrial appendages are the weakest 
part of the heart, implying greater susceptibility of atrial 
rupture. However, Bright and Beck [16] and Parmley and 
co-workers [17] Cemonstrated that all four cardiac cham- 
bers rupture with approximately equal frequency. Be- 
cause of lower pressures in the atria, survival may be 
longer with atrial injuries (32, 39]. 

The appendage is the most common site of right atrial 
rupture; it is the site of rupture in 56% of survivors in 
whom the location of the lesion was specified. Atrial 
rupture also occurred across the right atrial-superior vena 
caval junction (23%) and across the right atrial-inferior 
vena caval junction (16%). Four patients had multiple 
atrial tears. The lacerations ranged from 1 to 8 cm in 
length. 


Left Atrial Rupture 


There have been only 11 reported survivors of left atrial 
rupture [13, 27, 29, 34-39]. The first successful repair of 
blunt left atrial rapture was reported by Bogedain and 
associates in 1966 [35]. The appendage was the site of 
rupture in 4 of 7 patients in whom the site was specified. 
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Rupture extended into a pulmonary vein in 2 of 7 pa- 
tients. The lacerations ranged from 1 to 5 cm in length. 


Right Ventricular Rupture 


Patrice reported the first successful repair of blunt right 
ventricular rupture in 1968 [41]. The first report in the 
English-language literature of a successful repair of a 
ventricular rupture secondary to nonpenetrating trauma 
was by Rotman and colleagues in 1970 [40]. Twelve 
successful repairs of blunt right ventricular rupture have 
been reported in the English-language literature [1, 2, 13, 
20, 28, 34, 40, 41]. Driscoll [1] was the first to repair the 
simultaneous rupture of two cardiac chambers due to a 
nonpenetrating injury, in 1973. The patient sustained 
rupture of the right atrium and right ventricle in a motor 
vehicle accident. 


Left Ventricular Rupture 


Parmley and associates [17], in their 1958 autopsy series, 
reported 59 cases of left ventricular rupture, all of which 
were immediately fatal. Bright and Beck [16], however, in 
a 1935 autopsy series, reported that 10 of 37 victims of 
blunt left ventricular rupture survived for at least one 
hour, with deaths occurring from one hour to 7 weeks 
after injury. 

Only 4 survivors of blunt left ventricular rupture have 
been reported [18, 34, 42, 43]. Aun and associates [42], in 
1975, reported the first successful repair. 


Diagnosis 


Most victims of blunt cardiac rupture die promptly. How- 
ever, in their 1935 autopsy series, Bright and Beck [16] 
found that 30 of 152 (20%) patients survived injury for one 
hour or more. Parmley and associates [17] reported 23 of 
353 (6.5%) blunt cardiac ruptures were not immediately 
fatal, with 13 of 67 (19%) atrial ruptures not immediately 
fatal. 

The diagnosis of these injuries, however, may be diffi- 
cult. Most victims of blunt cardiac laceration have associ- 
ated, more obvious injuries that may distract the physi- 
cian. Parmley and associates reported that 50% of the 
patients in their series of cardiac rupture died primarily 
from associated, noncardiac injuries. 

In part due to associated injuries, the usual findings of 
cardiac tamponade may be obscured. Beck’s triad of 
muffled heart sounds, hypotension, and elevated central 
venous pressure is present in only one third of trauma 
victims with pericardial tamponade. Auscultation is diffi- 
cult in a noisy emergency department, hypotension is 
often attributed to associated injuries, and hypovolemia 
can blunt the elevation of the central venous pressure [6]. 
In addition, pericardial laceration occurs in 10% to 33% of 
victims of blunt myocardial rupture [13, 45], so there may 
be no tamponade. 

Thus, to diagnose these uncommon injuries, the phy- 
sician must have a high index of suspicion of cardiac 
rupture in the blunt trauma victim. Getz and co-workers 
[6] stated that the following findings suggest myocardial 
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laceration: (1) hypotension and hypovolemia out of pro- 
portion to the apparent injury; (2) hypotension and hy- 
povolemia unresponsive to fluid resuscitation; (3) unre- 
mitting hemothorax despite pleural tube drainage and 
fluid resuscitation; (4) persistent metabolic acidosis de- 
spite fluid resuscitation; and (5) elevated central venous 
pressure or distended neck veins with hypotension despite 
fluid resuscitation. Combining the series of Patton and 
associates [27], who reviewed 24 blunt atrial injuries, and 
Williams and colleagues [34], who treated seven blunt 
cardiac ruptures, 100% of patients had hypotension, 90% 
had elevated central venous pressure or distended neck 
veins, and 92% were confused or in a coma. Analysis of the 
present review of survivors of blunt cardiac rupture showed 
70% to have an admitting systolic blood pressure less than 
80 mm Hg, and 78% to have a central venous pressure 
greater than or equal to 20 cm H,O or distended neck veins. 

Terry [46] suggested that cardiac injury should be 
suspected with sternal fracture, first rib fracture, fracture 
of seven or more ribs, or traumatic rupture of the dia- 
phragm. As Barber and others have discussed, however, 
cardiac rupture may occur without fractures of the bones 
of the thorax, or even without bruising of the chest wall. 
Although this is true at any age, it is especially so in 
young patients with elastic chest walls [44]. In this review 
of survivors of blunt cardiac rupture, although 48% had 
some fracture of the bony thorax, 14% had chests that 
were described as “normal” (without fracture, abrasion, 
or contusion). Sixty-seven percent had enlargement of the 
cardiac silhouette or widening of the mediastinum on the 
initial chest roentgenogram. 

Pericardiocentesis may help in the diagnosis and tem- 
porary treatment of cardiac rupture, but it is unreliable. 
The puncture may enter the cardiac chamber, yielding a 
false positive result. In addition, Sethia [47] reported a 
case of right atrial rupture without hemopericardium. 
Pericardiocentesis yielded 20 mL of yellow, clear fluid. 
Autopsy revealed a 2-cm tear in the right atrium, with two 
lacerations of the upper pericardium, through which 200 
mL of blood had escaped into the superior mediastinum. 
In the relatively stable patient in whom the diagnosis of 
cardiac tamponade is suspected, a subxiphoid pericardial 
window, which may be extended to a median sternotomy 
if necessary, may more accurately diagnose cardiac rup- 
ture. However, in most reports, survival followed prompt 
thoracotomy or sternotomy. Definitive therapy of the 
unstable patient should not be delayed by diagnostic 
procedures. 

There are no unequivocal signs of cardiac rupture. The 
major clinical signs suggestive of possible cardiac lacera- 
tion include shock (hypoperfusion) that is unresponsive 
to aggressive intravenous fluid administration, neck vein 
distention, and elevated central venous pressure. 


Treatment of Blunt Rupture of the Free Walls of 
the Heart 


Median sternotomy offers the best exposure in the patient 
with blunt cardiac rupture [20]. The right atrium cannot 
be adequately examined through a left thoracotomy; me- 
dian sternotomy offers superior exposure of both atria and 
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is better tolerated by the patient. Argument in favor of left 
thoracotomy includes ease and quickness of access to the 
thoracic cavity with instruments readily available in the 
emergency department. In the reports of successful repair 
of blunt cardiac rupture, median sternotomy was used in 
48%, left thoracotomy in 28%, bilateral transsternal tho- 
racotomy in 20%, right thoracotomy in 5%, and left 
parasternal incision in 1 patient. 

The surgical team and field should be prepared before 
the induction of anesthesia, as cardiac arrest often occurs 
upon induction [23]. Of the ten cardiac arrésts in the 
reported survivors, five occurred in the operating room. 

Control of the ruptured atrium can often be achieved 
with digital pressure or a vascular clamp, or by insertion 
of a Foley catheter through the rent with inflation of the 
balloon and traction on the catheter. Digital pressure will 
often control ventricular hemorrhage enough to allow 
placement of sutures beneath the fingers [34, 48]. If these 
measures are unsuccessful, and time permits, cardiopul- 
monary bypass may be necessary [49]. The first use of 
cardiopulmonary bypass in the repair of blunt rupture of 
a free wall of the heart was reported by Siderys and 
Strange in 1971 [24]. Cardiopulmonary bypass was used 
in only 10% of the reported successful repairs of nonpen- 
etrating traumatic rupture of the free walls of the heart. 


Prognosis 


Mortality from blunt cardiac rupture is difficult to esti- 
mate. Although 61 survivors have been reported, there 
are few published series that provide a denominator from 
which to derive mortality figures. Mattox and associates 
[31], in 1975, reported an 85% mortality in 13 cases, and 
Shorr and co-workers [15], in 1987, reported a 100% 
mortality in 14 cases. 

Analysis of reported survivors of nonpenetrating car- 
diac rupture reveals 76% are male and 69% are between 
the ages of 18 and 30 years. This probably represents more 
the overall sex and age distribution of blunt trauma 
victims than any specific survival advantage. 

One third of the reported survivors of blunt cardiac 
rupture had an admission systolic blood pressure of 80 
mm Hg or greater. On the other hand, one third had no 
detectable blood pressure on admission. Furthermore, 10 
survivors experienced complete cardiac arrest, including 1 
who arrested during transport to the hospital [21], 3 who 
arrested in the emergency room [1, 2, 22], 1 who arrested 
in the radiology department [25], and 5 who arrested in 
the operating room [2, 27, 30]. Thus, blood pressure at the 
time of presentation was not a valuable prognostic variable. 

Pericardial tears are estimated to occur in 10% [13] to 
33% [45] of all cases of blunt myocardial rupture. Hendel 
and Grant [18] suggested that laceration of the pericar- 
dium may favor temporary survival in blunt cardiac 
rupture by allowing partial release of tamponade while 
still controlling the bleeding to some extent. Our review 
lends support to this theory. The status of the pericar- 
dium is mentioned in the reports of 34 survivors, and the 
pericardium was lacerated in 9 (26%). Of reports in which 
the pericardium is discussed, the 3 patients with the 
longest intervals between injury and successful cardior- 


142 


REVIEW PEVEC ET AL 
BLUNT RUPTURE OF THE MYOCARDIUM 


thaphy (8.5 to ten hours) had laceration of the pericar- 
dium [10, 18, 38]. However, 4 patients with an intact 
pericardium survived from four to six hours between 
injury and repair [4, 20, 32, 37]. 


Summary 


Blunt cardiac rupture accounts for an estimated 2,500 
highway deaths per year in the United States [2]. To date, 
survival of blunt cardiac rupture is uncommon. The 
English-language literature contains reports of 36 survi- 
vors of right atrial rupture, 11 survivors of left atrial 
rupture, 12 survivors of right ventricular rupture, and 4 
survivors of left ventricular rupture (2 patients had rup- 
ture of multiple myocardial chambers). With improved 
regional trauma systems and early recognition of these 
injuries, a higher rate of survival can be expected. 
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Myocardial Preservation: The Role of Magnesium 
To the Editor: 


We found the recent article by Keon and co-workers [1] of great 
interest. The study addresses an important clinical question, and 
the findings of this study could potentially influence procedures 
for cardiac transplant tissue transport. We therefore feel obli- 
gated to point out some fundamental observations that may be 
pertinent to the interpretation and potential clinical application of 
their findings. 

Our general concern is with two aspects of the experimental 
design employed. First, cardiac transplant tissues are not usually 
transported in a solution as complete as Tyrode’s medium. 
During harvesting, the coronary arteries of the heart are infused 
with a cardioplegic solution containing a high potassium concen- 
tration (10 to 20 mEq/L), and then the heart is immersed and 
transported in a cold (4°C) 0.9% saline solution. An experimental 
protocol that tests the effects of hypothermia in normal saline and 
then recovery in Tyrode’s solution may be more meaningful. 

Second, the magnesium ion concentration used in the control 
Tyrode’s solution (3.1 mM) is approximately 3 to 4 times higher 
than is normally found in human blood or used by others [2-4] in 
in vitro experiments on human atrial tissue. Normal plasma 
magnesium concentration ranges between 1.5 and 2.1 mEq/L 
(0.75 to 1.05 mM), and most in vitro experiments on human atrial 
tissue use Tyrode’s solutions containing 0.5 to 1.0 mM magne- 
sium. This may be important in the interpretation of the results 
because elevated magnesium levels have been shown to have a 
wide variety of electrophysiological, contractile, and metabolic 
effects on cardiac function [5]. In particular, magnesium has been 
shown to have a protective effect on functional recovery after 
cardiac ischemia. 

Hearse and associates [6] studied the protective effects of 
magnesium on rat heart function compromised by ischemic 
arrest. They found that increasing magnesium concentration in 
the infusate from 0 to 15 mM produced a progressive and 
significant improvement in the recovery of mechanical function 
during the reperfusion phase. This effect was already significant 
at concentrations within the range of 3.1 mM magnesium. In 
addition, they reported that magnesium had a similar protective 
effect on functional recovery from hypothermic (28°C) ischemic 
conditions, and that the protective effects of hypothermia and 
magnesium are additive. Hearse and associates suggest that 
elevated magnesium may be considered an important protective 
component of cardioplegic infusates. Therefore, interpretation of 
the results of Keon and co-workers must, at least, take into 
account the influence of the relatively high magnesium concen- 
trations used. With these observations in mind, we believe that 
the findings of Keon and co-workers should be considered 
cautiously before changes in clinical protocols are undertaken. 


Vassyl A. Lonchyna, MD 
Stephen L. Lipsius, PhD 


Departments of Thoracic and Cardiovascular Surgery and Physiology 
Loyola University Medical Center 

2160 South First Ave 

Maywood, IL 60153 
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Reply 
To the Editor: 


My colleagues and I were pleased to receive the letter by Dr 
Lonchyna and Dr Lipsius. They raised interesting points that we 
would like to address. We certainly concur that our findings 
“should be considered cautiously before changes in clinical 
protocols are undertaken.” 

First, the methods used were designed to assess hypothermia 
alone. Our preparation had been optimized using the modified 
Tyrode’s solution, so it was used for this experiment. We are also 
concerned about transport media and have undertaken a study to 
compare the recovery of atrial myocardium exposed to hypo- 
thermia in St. Thomas’ cardioplegia, Krebs-Henseleit, Euro- 
Collins, and saline solutions. Preliminary results suggest that 
muscles exposed to saline solution have poorer recovery of 
function compared with muscles exposed to more balanced 
electrolyte solutions. 

Concerning magnesium concentration, the modified Tyrode’s 
solution was developed to optimize the performance of atrial 
myocaridum while in situ. Although elevated magnesium levels 
as used in this preparation have been shown to have protective 
effects that are additive with hypothermia, all muscles in this 
experiment were exposed to the same magnesium concentration. 
If magnesium was protective as suggested, then one may have 
expected that the lowest temperature should have resulted in the 
best recovery. This was not the case. 

We would like to stress that the method used was designed to 
evaluate different temperatures for cooling myocardial tissue. 
Other variables including transport media and various possible 
additives must be assessed as well. It is our intent to carry on 
with these investigations in our own laboratory, and we hope 
that this work stimulates others to investigate optimal methods 
for donor heart preservation. 


W. J. Keon, MD, FRCS(C) 


University of Ottawa Heart Institute 
1053 Carling Ave 

Ottawa, Ontario, Canada 

K1Y 4E9 


Extraction of Cardiopulmonary Grafts 
To the Editor: 


We were interested to read of Dr Todd and colleagues’ technique 
for extraction of cardiac and pulmonary grafts from a single 
donor [1]. However, we believe that this sequential excision of 
heart and lungs prolongs the procedure unnecessarily and may 
waste valuable organs. 

We have used a cold flush technique and always extract both 
heart and lungs en bloc from the donor. This technique is rapid 
and allows dissection of the heart from the lungs to be completed 
at a side table out of the way of the retrieval teams for the 
abdominal organs. Left atrial anatomy is easily visualized during 
dissection of the lungs off the heart. 

Over the past 18 months, we have performed eight single-lung 
and one double-lung transplantations. On all but one occasion, 
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the heart from the donor was used successfully at another center 
in the United Kingdom. In addition, we have dispatched two 
separate donor lungs from one patient to another center and used 
the heart on one of our own recipients. All three organs on this 
occasion were implanted without difficulty and functioned well. 

We have not found it necessary to dissect the interatrial groove 
when using the right lung or both lungs in addition to the heart. 
The relatively narrow atrial cuff remaining on the lung is easily 
sufficient for the atrial anastomosis. 

The Toronto technique involves prolonged and inconvenient 
dissection on the cable and usually the loss of one donor lung. We 
would suggest that a flush perfusion technique followed by 
side-bench separation of the heart and the two lungs is more 
convenient. In the current era, the use of only one lung is 
wasteful, and any technique that produces such waste is out- 
moded. ; 


A. J. B. Kirk 
C. J. Hilton 
J. H. Dark 


Cardio-Pulmonary Transplant Unit 
Freeman Hospital 

High Heaton 

Newcastle-upon-Tyne NE7 7DN 
United Kingdom 
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Reply 
To the Editor: 


Dr Kirk and associates raise two important questions, and we 
appreciate the opportunity to respond. The first question is the 
advisability of sequential excision of heart and lungs in situ rather 
than a subsequent dissection on a side table after en bloc removal 
of the heart and lungs. Does the former unnecessarily prolong 
the procedure? In our procedure very little dissection is con- 
ducted before administration of cardioplegia. En bloc excision of 
the lungs follows the complete removal of the heart. The abdom- 
inal team is delaved by five to ten minutes. We contend that in 
situ sequential excision saves valuable time that we had previ- 
ously found to be wasted on the side table. The separation of the 
heart is the same whether in situ or after en bloc heart/lung 
extraction. The orientation provided in situ is more familiar to 
most surgeons and thus not only is rapid but may be less liable to 
technical error. There is less chance that the separation procedure 
itself is prolonged and that either organ is damaged from 
unwarranted warm ischemia or excessive handling. The dissec- 
tion of the interatrial groove is, in our opinion, an important 
adjunct. It is interesting to note that Dr Kirk and associates have 
performed only one double-lung transplantation after their re- 
ported method of donor extraction. It is particularly important for 
the double-lung graft that an adequate anterior cuff of left atrium 
be left on the right side. No doubt one can get away without it, 
but we contend that a superior atrial anastomosis is provided 
with the dissection of the interatrial groove. Certainly the latter is 
best done in situ with the heart full. Last, it is clear from the letter 
of Kirk and associates that a single team undertakes thoracic 
donor extraction in their institution. In North America both a 
cardiac and thoracic team are present at the extraction. Their 
efforts are, in our opinion, best coordinated at the operating table 
with in situ extraction. 


The second question concerns the provision of two lung grafts 
and a heart graft from a single donor. Dr Kirk and associates 
imply that the technique as described “waste[s] valuable 
organs.” We agree that each donor should provide the maximum 
number of organs and, indeed, so stated in the introduction to 
our paper. Our technique will easily provide all three grafts (two 
lungs and one heart). It is not the technique that limits their use, 
but rather the logistics of transplantation on a large continent 
with few pulmonary transplant centers. Because of our limited 
institutional resources we have not been able to implant two 
single lung grafts from a single donor, and there was unfortu- 
nately (as Dr Kirk and associates should know) no other active 
center in our country performing lung transplantation at the time 
the manuscript was written. 

In short, we believe that the technique as described in our 
paper is the most efficient and rapid method of separate extrac- 
tion of heart and lungs from a single donor. It will consistently 
provide a physiologically and anatomically sound organ for both 
cardiac and pulmonary transplantation teams. 


Thomas R. J. Todd, FRCS(C) 
Melvyn Goldberg, FRCS(C) 
Arvind Koshal, FRCS(C) 

A. H. Menkis, FRCS(C) 

G. A. Patterson, FRCS(C) 
Joel D. Cooper, FRCS(C) 


Toronto General Hospital 
Eaton Building 19-228 
Toronto, Ontario M5G 2C4 
Canada 


Use of Autologous Pericardium for Ventricular 
Aneurysm Closure 
To the Editor: 


Closure of the resected left ventricular aneurysm remains a test 
case for the suture technique and the quality of underlying tissue. 
The Teflon felt suture support, which distributes suture pressure, 
has become a welcome help by diminishing the risk of this 
operation. In regard to the article by Fiore and associates [1], my 
colleagues and I also were concerned about the “dire conse- 
quences of the indiscriminate use of Teflon felt pledgets” [2], and 
we have developed and introduced fabric tissue support that is 
resorbable [3]. In our group of patients we have not yet observed 
any infection; we believe that the resorption of the foreign 
material (PDS [polydioxanon], Vicryl [polyglactin]; Ethicon 
GmbH, Hamburg, Federal Republic of Germany) can prevent the 
risk of chronic infection of the suture line. The development of 
the resorbable suture support now allows full tailoring of the 
strip or patch. 

Autologous pericardium is obviously the patient’s own mate- 
rial, almost always available, and cheap. In some cases variable 
compliance and variable thickness and calcifications may render 
the use more difficult. Technically, a fresh piece of normal 
pericardium—a patch, strip, or pledget—is known for wrinkling 
at the most inappropriate place and time. Furthermore, the 
extreme stretching capacities of the pericardium may limit the 
mutual pressure distribution between the suture points. 

Based on his clinical experience, Carpentier suggests immers- 
ing a piece of pericardium for one or two minutes in 5% 
glutaraldehyde solution before its use for congenital repairs. This 
quick procedure provides an excellent material to work with. The 
stiffened pericardium becomes uniform and easy to handle, more 
similar to the fascia lata suture support suggested in 1944 by Beck 
[4]. The fate of biological material treated in this way is well 


known due to the long follow-up available for cardiac biopros- 
thetic valves (5). 

I believe that the choice of the ideal material to support sutures 
is difficult to make. For the time being the personal preference of 
the surgeon and the immediate possibilities will make the choice. 
Our preference remains for the resorbable material or, if pericar- 
dium is used, then for pericardium stiffened by glutaraldehyde 
solution. 


Josef G. Vincent, MD 


Katholieke Universiteit 
Sint Radboudziekenhuis 
Postbus 9101 

6500 HB Nijmegen 
The Netherlands 
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Right Heart Endocarditis and Endocardial Pacemakers 
To the Editor: 


Hong-Barco and associates [1] report a case of endocarditis due to 
endocardial pacemaker lead, and they note that “rarely cardio- 
pulmonary bypass is required to manage the unyielding leads.” 
We have had 4 cases of right heart endocarditis with endocardial 
pacemaker leads in which removing the leads by cardiopulmo- 
nary bypass was necessary for control of endocarditis. The 
endocarditis was present between 3 months and 3 years after 
implantation. Infection of the pacemaker pocket was the site of 
entry in 3 patients. One patient had no infection before en- 
docarditis. 

At operation, adherence of endocardial lead to the tricuspid 
valve was noted in 3 patients, in one instance with perforation of 
the tricuspid valve. All patients had atrial vegetations, and all are 
now well and free from infection. 

Pacemaker pocket infection often can be managed with con- 
servative measures, but if endocarditis develops, the pacing 
apparatus must be removed. Removal is usually achieved with 
traction devices, but for entrapped leads, cardiopulmonary by- 
pass is the only recourse. 


J. Rubio-Alvarez 

D. Duran-Murioz 

J. Sierra-Quiroga 

J. B. Garcia-Bengochea 
Cardiac Surgery 

Hospital General de Galicia 
Avda. de Lugo, 257-2°izda 
Santiago de Compostela 
Spain 
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leads and concomitant recurrent coronary arteriosclerosis. 
Ann Thorac Surg 1988;46:97-9. 


Buckling in Bioprosthetic Valves 
To the Editor: 


The recent paper by Vesely and co-workers [1] shows the 
influence that gluteraldehyde tissue fixation under pressure has 
on the bending stresses and buckling in porcine aortic xenograft 
heart valves. Their observations are consistent with the work of 
Broom and Thomson [2] and Thubrikar and associates [3], who 
demonstrated that an increased elastic modulus and spatially 
fixed aortic root increases the bending stresses in the fully open 
valve leaflet. 

However, these papers overlook two important factors in the 
design and function of porcine xenografts. First, fixation of 
leaflets under pressure alters not only the elastic modulus of the 
tissue, but also the dimensions and geometry of the unloaded 
leaflet, particularly in the radial direction. Second, bending 
strains are high when the leaflets are moving from the closed to 
the open position, so the actual deformations that occur during 
leaflet transposition are as important as the geometry of the fully 
open leaflets. Porcine xenografts fixed under pressure do not 
open in the same manner as the natural valve. The natural leaflet 
opens by reversing its curvature in the base first, producing an S 
shape radially in the leaflet, so minimizing the bending strains in 
the circumferential collagen fibers [4]. This method of opening 
occurs due to the geometry of the natural leaflet and the very low 
radial elastic modulus. Fixation under pressure (even at 2 to 4 
mm Hg) increases the radial length of the leaflet, altering the 
unloaded leaflet geometry and producing a much smaller radius 
of curvature in the radial direction. As a consequence, fixed 
porcine leaflets open by reversing their curvature in the circum- 
ferential direction, so producing an S shape and high bending 
strains in the circumferential collagen fibers. The mechanism of 
opening and pressure required to open leaflets is highly depen- 
dent on the radius of curvature (proportional to R7’) [5]; conse- 
quently, leaflet geometry is a very important factor in leaflet 
opening. Although an expanding aortic root and low elastic 
modulus are important factors in reducing strains, natural leaflet 
function with low circumferential bending stresses during trans- 
position will not be achieved unless the geometry of the natural 
leaflets is maintained. This can be achieved using zero pressure 
(zero strain fixation) or by using fresh tissue as in frame-mounted 
homograft valves. 


J. Fisher 


Department of Mechanical Engineering 
University of Leeds 

Leeds LS2 9]T 

England 


G. A. Davies 


Cardiac Research Laboratories 
Killingbeck Hospital 

Leeds LS2 9]T 

England 
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Reply 
To the Editor: 


We agree with the comments of Dr Fisher and Mr Davies 
regarding the importance of properly maintaining valve geome- 
try during fixation. This is certainly one of several factors 
affecting the in vivo performance and longevity of porcine 
xenograft bioprostheses. However, in our paper we set out to 
examine specifically the mechanism by which buckling damages 
the prosthetic materials. Buckling has been alluded to in several 
papers [1-3], bu: it has remained unclear whether such buckling 
is normal or abnormal or an undesirable process. We believe our 
paper provides some initial data on this topic. 

Regarding Fisher and Davies’ description of the mechanism of 
aortic valve opening, we apparently disagree on two points. 
Fisher and Davies cite Swanson and Clarke [1] to suggest that, 
during opening, the natural leaflet forms an S shape, reversing 
its curvature circumferentially. We have not come across any 
direct evidence that the leaflets behave in that manner. That 
study was purely theoretical and the mathematical model was 
based on assumptions that may have been valid in 1973, but are 
no longer applicable. Specifically, Swanson and Clarke assumed 
that the leaflets offer no resistance to the flow of blood and that 
they rotate about their point of attachment at’ the base of the 
aortic root. We have recently shown that both xenograft and 
natural aortic valve leaflets have a measurable bending stiffness 
[4] and therefore must offer a resistance to blood flow during the 
opening phase. Whether a reversal of curvature in the radial 
direction occurs or not, Swanson and Clarke did not explicitly 
state or hypothesize that reversals of curvature in the radial 
direction reduce circumferential bending stresses. In fact, Fisher 
and Davies suggest that fixed porcine leaflets “reverse their 
curvature in the circumferential direction’ and produce “high 
bending strains in the circumferential fibers.” We do not believe 


that reverse radial bending acts in any way to reduce circumfer- 
ential stresses. 

Fisher and Davies promote the use of stent-mounted ho- 
mograft valves. Clinical experience clearly shows, however, that 
stent-mounted homografts suffer from stress concentrations at 
the stent/tissue interface [5]. In contrast, freehand implanted 
allografts have performed very well [6]. We believe that a factor 
contributing to the success of the freehand allograft is the absence 
of a stent. The commissures of the unstented valve are free to 
move apart during the systolic expansion of the aortic root, pull 
along the free edge of the leaflet, and thus reduce the sharp 
reversals of circumferential curvature that normally occur in 
stented valves. If implanted properly by a skilled surgeon, the 
unstented allograft more closely mimics the function of the 
natural valve. Indeed, we expect that stents with fixed-diameter 
annuli will eventually be phased out in favor of expansile stents 
or stentless xenograft bioprostheses. 


Ivan Vesely, PhD 
Derek Boughner, MD, PhD 


John P. Robarts Research Institute 
PO Box 5015 

London, Ontario 

Canada N6A 5K8 
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Baltimore Convention Center, Baltimore, Maryland 


The Twenty-fifth Anniversary Meeting of The Society of 
Thoracic Surgeons will be held at the Baltimore Conven- 
tion Center on September 11-13, 1989, preceded by the 
Twenty-third Postgraduate Program on Sunday, Septem- 
ber 10. The meeting is open to all duly qualified physi- 
cians. Both members and nonmembers are urged to 
register in advance of the meeting. 

The 1989 Program Committee is very pleased with the 
large number of abstracts submitted for this special meet- 
ing of The Society. The high quality of the abstracts along 
with the increased number made possible the develop- 
ment of a program that represents all aspects of adult and 
pediatric cardiac surgery and general thoracic surgery. 

Several innovations have been planned for the pro- 
gram. On Monday afternoon, three parallel sessions will 
replace the usual single session. One parallel session will 
be devoted to general thoracic surgery and another will be 
split between pediatric cardiac surgery and transplanta- 
tion. The third session will be a research forum; a large 
number of research abstracts were submitted for this part 
of the program. 

The popular Tuesday morning problem case presenta- 
tions and the Wednesday morning clinical workshops will 
continue. 

The Committee also had a significant increase in the 
number of movies and video tapes submitted for the 
Annual Movie Night, making it possible to develop an 
excellent program representative of all aspects of the 
specialty. 

Also, in celebration of 25. years of achievement in 
cardiothoracic surgery, two retrospectives will be deliv- 
ered by noted experts Dr David B. Skinner and Dr John 
W. Kirklin. 


Registration and Fees 


An advance registration form with hotel reservation in- 
formation and details regarding spouses’ activities will be 
mailed to Society members. Nonmembers should write to 
the Secretary, George C. Kaiser, MD, The Society of 
Thoracic Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 

Members are not required to pay a registration fee for 
the Scientific Program. Residents and fellows may register 
without payment of a registration fee upon presentation 
of a letter from their chief of service. The fee for other 
physicians is $200, except guést speakers, authors, co- 
authors, and invited discussants. Nurses and paramedical 
personnel may register upon payment of a $35 registra- 
tion fee and presentation of a letter of introduction from a 
Society member. 
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_ The Postgraduate Program is sponsored by the Com- 
mittee on Postgraduate Education of The Society. Regis- 
tration fee for the Postgraduate Program is $60 for all 
physicians, residents, and fellows, which includes a 
luncheon. 

There will be no advance registration for the concurrent 
Problem Case Presentations on Tuesday, September 12, 
or the Clinical Workshops on Wednesday, September 13. 
Attendance will be by ticket only, and each seminar is 
limited to 35 physicians. Tickets can be purchased at the 
Society's registration desk on Monday, September 11, 
starting at 12:30 pm. The price of the ticket covers atten- 
dance at the seminar and a continental breakfast. 


Presentation and Publication 


Papers presented at the Scientific Session must be submit- 
ted to the Secretary at the time of presentation, or may be 
submitted: to the Editor prior to the meeting for poneele 
earlier publication. ; 

Speakers for the Scientific Sessions should limiit their 
presentations to 10 minutes. They are requested to meet 
with the projectionist in the preview room prior to the 
opening of their session to prepare their slides for presen- 
tation. 

Those who wish to discuss a paper may write the 
Secretary prior to the meeting. Discussants from the floor 
should submit their names to the Moderator at the po- 
dium prior to the opening of the session during which the 
paper is to be presented. Discussants from the floor are 
limited to 2 minutes; primary discussants are limited to 3 
minutes. 

Discussants will receive a copy of their remarks shortly 
after the Annual Meeting. Any delay in the return of the 
corrected discussion to the Editor will hold up publication 
of the paper. Timely response of all authors and discus- 
sants is, therefore, urged since delays are unfair to those 
who promptly return their material for publication. 


Accreditation 


The Society of Thoracic Surgeons is accredited by the 
Accreditation Council for Continuing Medical Education 
to sponsor continuing medical education for physicians. 
One credit hour in Category I of the Physician’s Recogni- 
tion Award of the American Medical Association may.be 
claimed for each hour of participation byt the individual’ 
physician. The Postgraduate Program is authorized for: 
eight hours of Category I CME credit, l l 
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* Open Session 
“By Invitation 


8:00-12:00 
8:00 


8:10 
8:30 
8:50 
9:10 


9:30 
9:45 


16:15-11:00 
11:00 


12:00-1:30 
1:30-5:00 


1:30 
1:50 
2:10 


2:30 


TWENTY-THIRD POSTGRADUATE PROGRAM 
THE SOCIETY OF THORACIC SURGEONS 


Sunday, September 10, 1989 
Baltimore Convention Center, Baltimore, Maryland 


Morning Session 


Introduction to the 1989 Postgraduate Course 
Adnan Cobanoglu, Portland, OR; Co-Chairman, Postgraduate Committee 


I. Mini Symposium: Congenital Heart Surgery 
Moderator: Adnan Cobanoglu, Portland, OR 


Transposition of the Great Arteries 
William G. Williams, Toronto, Ont, Canada 


Tetralogy of Fallot 
Winfield J. Wells, Los Angeles, CA 


Atrioventricular Canal 
Adnan Cobanoglu, Portland, OR 


Homograft Valves and Conduits in Congenital Heart Surgery 
Kevin Turley, San Francisco, CA 


Panel Discussion: Questions and Answers 


II. Pacemakers: Update 1989 
Seymour I. Furman, New York, NY 


Coffee Break: Visit Exhibits 


Ill. C.C.C.E.T.S Basic Science Lecture* 

Introduction 

Gerard A. Kaiser, Miami, FL, Co-Chairman, Coordinating Committee for Continuing Education in 
Thoracic Surgery 


Platelet and Neutrophil Activation in Experimental and Clinical Cardiopulmonary Bypass 
Robert W. Colman,” Director, Thrombosis Research Center, Temple University School of Medicine, 
Philadelphia, PA 


Luncheon 


Luncheon Address: Oncogenes in the Pathogenesis of Lung Cancer 
John D. Minna,** Chief, Navy Medical Oncology Branch, National Cancer Institute, Bethesda, MD 


Afternoon Session 


IV. Management of Carcinoma of the Esophagus | l 
Moderator: Joseph I. Miller, Atlanta, GA, Co-Chairman, Postgraduate Committee 
Options in Surgical Resection 

Robert J. Ginsberg, Toronto, Ont, Canada 


Role of Radical Resection in Esophageal Carcinoma 
Mark K. Ferguson, Chicago, IL 


Role of Brachytherapy 
Bill Nelems, Vancouver, BC, Canada 


Role of Neoadjuvant Therapy 
David Kelsen,** New York, NY 
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2:50 
3:00-3:45 


3:45 


4:00 


4:15 


4:30 


4:45-5:00 


7:45 


8:15-11:15 
1. 


9:10-9:30 
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Panel Discussion: Questions and Answers 
Coffee Break: Visit Exhibits 


V. Difficult Problems in Coronary Artery Surgery 
Moderator: Kent W. Jones, Salt Lake City, UT 


Patients Without Conduits 
Andrew S. Wechsler, Richmond, VA 


The “Bad” Ventricle 
Stanley K. Brockman, Philadelphia, PA 


Ischemic Mitral Regurgitation 
Cary W. Akins, Boston, MA 


Postinfarction Ventricular Septal Defect 
Kent W. Jones, Salt Lake City, UT 


Panel Discussion: Questions and Answers 


PROGRAM 
TWENTY-FIFTH ANNIVERSARY MEETING 
THE SOCIETY OF THORACIC SURGEONS 


September 11-13, 1989 


September 11, 1989 (Monday) ° 
Morning 


Welcome 

Dr John M. Dennis, Vice President for Academic Affairs, University of Maryland School of Medicine 
Dr Richard S. Ross, Dean of the Medical Faculty, The Johns Hopkins University School of Medicine 
The Honorable Kurt Schmoke, Mayor of Baltimore 

Dr Vincent L. Gott, Chairman, Committee on Local Arrangements 


Scientific Session 
J. Maxwell Chamberlain Memorial Paper 


Wound Complications After Coronary Bypass Surgery With Vein Grafts Only, One 
Internal Thoracic Artery Graft, or Two Internal Thoracic Artery Grafts 

Floyd D. Loop, Bruce W. Lytle, Delos M. Cosgrove III, Saade Mahfood, Marlene Goormastic, 
Robert W. Stewart, Leonard A. R. Golding, and Paul C. Taylor, Cleveland, OH 


Long-Term Results of Total Repair of Tetralogy of Fallot 
Peter J. Horneffer, Kenneth G. Zahka, Stuart A. Rowe, Teri A. Manolio, Bruce A. Reitz, 
Catherine A. Neill, Langford Kidd, and Timothy J. Gardner, Baltimore, MD 


Ventricular Septal Defect Associated With Aortic Valve Incompetence: Comparative Results 
of Two Groups Undergoing Conservative Surgical Management 
Sylvain Chauvaud, Alain Serraf, Charles DuBost, and Alain Carpentier, Paris, France 


Special 25th Anniversary Address 


Technical and Scientific Advances in General Thoracic Surgery Over the Past 25 Years 
David B. Skinner, New York, NY 


Surgical Management of Automatic Atrial Tachycardias 
Paul J. Hendry, Douglas L. Packer, Mark D. Plunkett, Mark P. Anstadt, and James E. Lowe, 
Durham, NC 


Can Computed Tomography of the Chest and Adrenal Glands Stage Lung Cancer? Yes 
and No 

Joseph W. Lewis, Jr, Jay L. Pearlburg, Gordon H. Beute, Michael V. Alpern, and Paul A. Kvale, 
Detroit, MI 
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11:15-12 Noon 


1:30-5:00 


1:30-2:45 
7. 


10. 


3:30-5:00 
11. 


12. 


13. 


14. 


15. 


1:30-2:45 
16. 


17. 


18. 


19. 


3:30-5:00 
20. 


The Society of Thoracic Surgeons: Twenty-fifth Anniversary Meeting 


Ann Thorac Surg 


Left Ventricular Ejection Fractions Following Multiple Percutaneous Transluminal Coronary 
Angioplasties | 

Robert H. Zeff, Mark Spector, Chamnahn Kongtahworn, David Gordon, L. A. Iannone, T. M. Brown, 
Mark McGaughey, William Wickemeyer, James R. Skinner, and Steven J. Phillips, Des Moines, IA 


Presidential Address 
George G. Lindesmith 


Afternoon 


Parallel Scientific Sessions 
Session I 


Thoracic 


Esophagectomy for Esophageal Disruption 
Mark B. Orringer and Mack C. Stirling, Ann Arbor, MI 


Survival After Surgical Resection for High-Grade Chest Wall Sarcomas 
Roger R. Perry, Steven A. Rosenberg, David Venzon, Jack A. Roth, and Harvey I. Pass, 
Bethesda, MD 


Cervical Exenteration 
Douglas J. Mathisen and Hermes C. Grillo, Boston, MA 


The Role of Brachytherapy in the Management of Advanced Chest Malignancies 
Joseph W. Lewis, Jr, Young C. Bae, Paul A. Kvale, and Donald J. Magilligan, Jr, Detroit, MI 


Thoracic 


The Effect of Antireflux Surgery on Barrett’s Mucosa 
Warren A. Williamson, F. Henry Ellis, Jr, Peter S. Gibb, David M. Shahian, and Thomas H. Aretz, 
Boston, MA 


Indications for Esophagectomy in Nonmalignant Barrett's Esophagus 
Nasser K. Altorki, David B. Skinner, Andrea Segalin, Mark K. Ferguson, and Alex G. Little, 
New York, NY . 


Reoperation for Thymoma 
Paul A. Kirschner, New York, NY 


Survival After Conservative Resection for T1 NO MO Non-Small Cell Primary Lung Cancer 
Raymond C. Read, Gordon Yoder, and Robert C. Schaefer, Little Rock, AR 


Cancer Recurrence After Resection: T1 NO Non-Small Cell Lung Cancer 
Paul A. Thomas, Jr, and Lawrence H. Rubinstein, Chicago, IL, for The Lung Cancer Study Group 


Session II 
Congenital Heart Disease 


Management of Neonatal Critical Pulmonary Stenosis in the Balloon Valvotomy Era 
Joseph Caspi, John G. Coles, Lee N. Benson, Robert M. Freedom, Patricia E. Burrows, 
George A. Trusler, and William G. Williams, Toronto, Ont, Canada 


Technical Considerations in Correction of Total Anomalous Pulmonary Venous Connection 
Below the Diaphragm 

Steven J. Phillips, Chamnahn Kongtahworn, Robert H. Zeff, James R. Skinner, 

Basaviah Chandramouli, and John H. Gay, Des Moines, IA 


Subaortic Stenosis: When to Operate? 
E. Charles Douville, Robert M. Sade, Fred A. Crawford, Jr, and Henry B. Wiles, Charleston, SC 


Shone’s Anomaly: Operative and Late Outcome 
Mark Iannettoni, Macdonald Dick II, Amnon Rosenthal, Steven F. Bolling, and Edward L. Bove, 
Ann Arbor, MI 


Transplantation 


HLA Histocompatibility Affects Cardiac Transplant Rejection and May Provide One Basis 
for Organ Allocation 

Verdi J. DiSesa, Paul Kuo, Keith Horvath, Gilbert Mudge, John J. Collins, Jr, and Lawrence H. Cohn, 
Boston, MA 3 
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21. 


23. 


24. 


1:30-2:45 
25. 


26. 


27. 


28. 


3:30-5:00 
29. 


30. 


31. 


32. 


33. 


8:00-10:00 
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Pediatric Heart Transplantation With Triple-Drug Immunosuppression 
Elizabeth A. Braunlin, Rebecca Diekmann, W. Steves Ring, and R. Morton Bolman IH, Minneapolis, 
MN, and St. Louis, MO 


Experience With Univentricular Support in Mortally Il] Cardiac Transplant Candidates 
Robert L. Kormos, John Armitage, Harvey Borovetz, Robert L. Hardesty, and Bartley P. Griffith, 
Pittsburgh, PA 


Direct Revascularization of Bronchial Arteries for Lung Transplantation: An Anatomical 
Study 
Hans H. J. Schreinemakers and Joel D. Cooper, St. Louis, MO 


The Influence of Omental, Intercostal Muscle, and Internal Mammary Artery Pedicled 
Grafts on Revascularization and Healing of Bronchial Anastomoses 

Mark W. Turrentine, Kenneth A. Kesler, Cameron D. Wright, Keith E. McEwen, Phillip R. Faught, 
Mark E. Miller, Yousuf Mahomed, and John W. Brown, Indianapolis, IN 


Session III 
Research 


Pulmonary Lobar Transplantation in Neonatal Swine 
Timothy M. Crombleholme, N. Scott Adzick, Michael T. Longaker, Scott M. Bradley, 
Brian W. Duncan, Edward D. Verrier, and Michael R. Harrison, San Francisco, CA 


Dynamic Aortomyoplasty to Assist Cardiac Failure 
Juan C. Chachques, P. A. Grandjean, E. C. Fischer, T A. Pfeffer, C. Latremouille, I. Bourgeois, and 
Alain Carpentier, Paris, France 


An Implantable Rate-Responsive Counterpulsation Assist System 
Carlos Li, Andrew Hill, Mike Colson, Carolyne Desrosiers, and Ray Chu-Jeng Chiu, Montreal, Que, 
Canada 


The Role of Triiodothyronine (T3) in Recovery of the Stunned Myocardium: A Randomized 
Blind Study in Dogs 

Dimitri Novitzky, Nora Matthews, Richard Shawley, David K. C. Cooper, and Nazih Zuhdi, 
Oklahoma City, OK 


Research 


Localization of Spinal Cord Blood Supply During Aortic Operation 
Lars G. Svensson, Vasishta M. Patel, Joseph S. Coselli, and E. Stanley Crawford, Houston, TX 


Cerebrospinal Fluid Drainage and Steroids Provide Better Spinal Cord Protection During 
Aortic Crossclamping Than Does Either Modality Alone 

Thomas T. Woloszyn, Corrado P. Marini, Matthew S. Coons, Ira M. Nathan, Anthony J. Acinapura, 
and Joseph N. Cunningham, Jr, Brooklyn, NY 


Computerized Mapping of the Atrial Septum in Patients With AV Node Reentry, Atrial 
Flutter, and Septal Accessory Pathways 

Byung-Chul Chang, Richard B. Schuessler, Constance M. Stone, Barry H. Branham, 

Thomas E. Canavan, John P. Boineau, Michael E. Cain, Peter B. Corr, and James L. Cox, 

St. Louis, MO 


Relationship Between Total Mechanical Energy and Oxygen Consumption in Stunned 
Myocardium 
Satoshi Furukawa, Joseph E. Bavaria, Gerhard Kreiner, and L. Henry Edmunds, Jr, Philadelphia, PA 


Effects of Standard Mitral Valve Replacement on Left Ventricular Function 
David H. Harpole, J. Scott Rankin, Walter G. Wolfe, W. Glenn Young, Jr, Peter VanTright III, and 
Robert H. Jones, Durham, NC 


Evening 


Surgical Motion Pictures 
Moderators: Fred A. Crawford, Jr, Charleston, SC, and Gordon F. Murray, Morgantown, WV 


Pulmonary Switch (Ross Procedure) 
William W. Angell, James H. Oury, and Donald Ross, La Jolla, CA 


First-Stage Palliation for the Hypoplastic Left Heart Syndrome 
Randall B. Griepp, Jan D. Galla, and M. Arisan Ergin, New York, NY 
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7:00-8:00 
8:15-9:30 
34. 


35. 


36. 


37. 


10:15 


10:35-12 Noon 
38. 


39. 


40. 


41. 


Transbronchoscopic Closure of a Bronchopleural Fistula Using Fibrin Glue With Proximal 
Balloon Catheter Occlusion 

Thomas L. Matthew, Todd A. Meyerhoffer, William H. Lindsey, William D. Spotnitz, and 

Thomas M. Daniel, Charlottesville, VA 


Total Thoracic Aortic Replacement Using Composite Sutureless Intraluminal Ring 
Prostheses 

Mehmet C. Oz, Robert C. Ashton, M. K. Singh, Kathleen W. McNicholas, and Gerald M. Lemole, 
New York, NY 


Treatment of Advanced Esophageal Carcinoma With an Atkinson Tube 
Carolyn E. Reed and John M. Kratz, Charleston, SC 


Modified Cabrol Procedure for Ascending Aortic Replacement 
C. D. Williams, Thomas H. Hoffmann, Robert E. Casali, Ruel N. Wright, and John H. Selby, Jr, 
Little Rock, AR 


Sleeve Pneumonectomy for Bronchogenic Carcinoma 
William Piccione, Jr, and L. Penfield Faber, Chicago, IL 


Aortic Valvuloplasty for Aortic Insufficiency Secondary to Leaflet Prolapse 
Delos M. Cosgrove III, Philip J. Currie, and William J. Stewart, Cleveland, OH 


September 12, 1989 (Tuesday) 
Morning 


Breakfast Sessions 
Problem Case Presentations (see pp 156-8 for program) 
Scientific Session 


Extension of Donor Criteria in Cardiac Transplantation: Surgical Risk Versus Supply-Side 
Economics 

Michael 5. Sweeney, David E. Lammermeier, O. Howard Frazier, Hans M. Haupt, and 

J. Michael Duncan, Houston, TX 


Primary Tracheal Tumors: Results of Treatment 
Hermes C. Grillo and Douglas J. Mathisen, Boston, MA 


Heart Valve Surgery in Patients With Active Infective Endocarditis 
Tirone E. David, Paulo Brofman, David Wong, and Christopher M. Feindel, Toronto, Ont, Canada 


Valve Repair in Acute Endocarditis 
Gilles Dreyfus, Alain Serraf, Victor A. Jebara, Alain Delcche, Jean-Paul Couetil, Sylvain Chauvaud, 
and Alain F. Carpentier, Paris, France 


Special 25th Anniversary Address 


Technical and Scientific Advances in Cardiac Surgery Over the Past 25 Years 
John W. Kirklin, Birmingham, AL 


Scientific Session 


Ten-Year Experience With the Porcine Bioprosthetic Valve: 

Interrelationship of Valve Survival and Patient Survival in 1,051 Valve Replacements 
Ellis L. Jones, Victor E. Corrigan, Joseph M. Craver, Robert A. Guyton, Caryn Cohen, and 
William S. Weintraub, Atlanta, GA 


Diaphragmatic Plication for Unilateral Diaphragmatic Paralysis: A 10-Year Experience 
D. R. Graham, D. K. Kaplan, C. C. Evans, C. R. K. Hind, and R. J. Donnelly, Liverpool, England 


Evolving Patterns in the Surgical Treatment of Malignant Ventricular Tachyarrhythmias 
John A. Elefteriades, William P. Batsford, Lynda Rosenfeld, Lee L. Biblo, Richard W. Henthorn, 
Albert L. Waldo, and Alexander S. Geha, New Haven, CT, and Cleveland, OH 


Thoracic Aortic Aneurysms After Acute Type A Aortic Dissection: Necessity for Follow-up 


`- Markus Heinemann, Joachim Laas, Matthias Karck, and Hans Georg Borst, Hannover, West Germany 
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1:30-2:45 
43. 


45. 


3:30-5:00 


7:00 


7:00-8:00 


8:30-12:30 
47. 


48. 


49. 


50. 


51. 


52. 


53. 
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Valve Replacement in Infective Endocarditis in Patients With Septic Cerebral Emboli 
Windsor Ting, Norman A. Silverman, and Sidney Levitsky, Chicago, IL 


Afternoon 
Scientific Session 


Aortic Valve Surgery Following Percutaneous Balloon Valvuloplasty 
Jatinder S. Dhillon, Robert G. Johnson, Robert D. Safian, Robert L. Thurer, and 
Ronald M. Weintraub, Boston, MA 


Ten-Year Experience With Aortic Valve Replacement in 482 Patients 70 Years of Age or 
Older: Operative Risks and Long-Term Results 

Aubrey C. Galloway, Stephen B. Colvin, F. Gregory Baumann, J. N. Slater, E. A. Grossi, 

F. M. Spiegel, Susan Harty, Alfred T. Culliford, E. Glassman, and Frank C. Spencer; New York, NY 


Initial Report of the Veterans Administration Preoperative Risk Assessment Study for 
Cardiac Surgery 

Frederick L. Grover, Karl E. Hammermeister, Cecil Burchfiel, and Veterans Administration Cardiac 
Surgeons, San Antonio, TX 


Infusion of Nifedipine Following Coronary Artery Bypass Grafting Decreases the Incidence 
of Early Postoperative Myocardial Ischemia 

Rainald Seitelberger, W. Zwölfer, Sebastian Huber, Friedrich Peschl, Josef Spatt, Christoph Holzinger, 
Heinz Weber, Helmut Pürerfellner, and Ernst Wolner, Vienna, Austria 


Business Meeting (members only) 
Evening 


Reception for Members and Guests 


September 13, 1989 (Wednesday) 
Morning 


Breakfast Session 
Clinical Workshops (see p 158 for program) 


Scientific Session 


Routine Use of the Left Internal Mammary Artery Graft in the Elderly 
Timothy J. Gardner, Peter S. Greene, Mary F. Rykiel, William A. Baumgartner, Douglas E. Cameron, 
Alfred S. Casale, Vincent L. Gott, Levi Watkins, and Bruce A. Reitz, Baltimore, MD 


Seventeen-Year Experience With Bilateral Internal Mammary Artery Grafts 
David L. Galbut, Ernest A. Traad, Malcolm J. Dorman, Paul L. DeWitt, Parry B. Larsen, 
Paul A. Kurlansky, Jaclyn H. Button, Joan M. Ally, and Thomas O. Gentsch, Miami, FL 


Results of Internal Mammary Artery Grafting Over 15 Years: Single Versus Double Grafts 
Andrew C. Fiore, Keith S. Naunheim, Philip A. Dean, George C. Kaiser, D. Glenn Pennington, 
Vallee L. Willman, Lawrence R. McBride, and Hendrick B. Barner, St. Louis, MO 


Risks of Bilateral Internal Mammary Artery Bypass Grafting 
Nicholas T. Kouchoukos, Thomas H. Wareing, Suzan Murphy, Cheryle Pelate, and 
William G. Marshall, Jr, St. Louis, MO 


Clinical Experience With Mini-Tracheostomy 
John C. Wain, Donna J. Wilson, and Douglas J. Mathisen, Boston, MA 


Retrograde Coronary Sinus Cardioplegia for Aortic Valve Surgery: A Clinical Report on 500 
Patients 
Philippe Menasché, Jean-Baptiste Subayi, and Armand Piwnica, Paris, France 


Chemotherapy and Radiation Therapy Prior to Transhiatal Esophagectomy for Esophageal 
Carcinoma 


Mark B. Orringer, Arlene A. Forastiere, Claudia Perez-Tamayo, Susan Urba, and Bonnie J. Takasugi, 
Ann Arbor, MI 
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55. 


56. 


7:00-8:00 


Skeletonization of the Atrioventricular Node in 23 Patients: Surgical Alternative for AV 
Node Reentrant Tachycardia 

Gerard Guiraudon, George Klein, Arjun Sharma, Raymond Yee, and Osamu Fujimura, London, Ont, 
Canada 


Effect of Intraoperative Plasmapheresis on Blood Loss and Homologous Transfusion in 
Cardiac Surgery 
James W. Jones, Tim A. McCoy, Robert A. Rawitscher, and David A. Lindsley, Toledo, OH 


Intraoperative Management of Patients With Heparin-Induced Thrombocytopenia: The 
University of Pennsylvania Experience 

Jeffrey R. Kappa, Carol A. Fisher, Patrice Bell, Fred Campbell, Norig Ellison, and V. Paul Addonizio, 
Philadelphia, PA 


September 12, 1989 (Tuesday morning) 


PROBLEM CASE PRESENTATIONS 
(10 Simultaneous Sessions) 
Session Committee: Delos M. Cosgrove III, and Alexander S. Geha, Cleveland, OH 


SEMINAR I 
PULMONARY PROBLEMS 
Discussion Leader: Blair A. Keagy, Chapel Hill, NC 


1. Mediastinopleuroscopy for Paravertebral Lung Cancer to Confirm Unresectability and 
Avoid Major Thoracotomy 
Robert G. Carlson and Emmett Mackan, Temple,’ TX 


2. Massive Hemoptysis in a Young Man with a Normal Chest Roentgenogram 
Hani Shennib, David S. Mulder, Jim Wilson, and Ray Chu-Jeng Chiu, Montreal, Que, Canada 


3. Swan-Ganz Catheter-Induced Hemoptysis and Pulmonary Artery False Aneurysm 
William Feng, Arun K. Singh, Thomas Drew, and Walter Donat, Providence, RI 


SEMINAR II 
PULMONARY INFECTIONS 
Discussion Leader: Joseph I. Miller, Atlanta, GA 


4. Massive Bronchopleural Fistula due to Aspergillosis in a Patient With Lymphoma 
Howard Langstein and Harvey I. Pass, Bethesda, MD 


5. Surgical Techniques and Considerations in Complex Bronchopleural Fistula Involving 
Atypical Mycobacterial Infection 
George B. Haasler, Milwaukee, WI 


6. Invasive Aspergillus with Bronchopleural Fistula Complicating Surgery and Radiation 
Therapy for Bronchogenic Carcinoma 
Thomas R. J. Todd, Toronto, Ont, Canada 


SEMINAR III 
TRACHEAL PROBLEMS 
Discussion Leader: Arthur N. Thomas, San Francisco, CA 


7. Amyloidosis of the Trachea 
Carolyn M. Dresler and F. Griffith Pearson, Toronto, Ont, Canada 


8. Severe Complication of the Monier-Kuhn Syndrome 
Harold C. Urschel, Jr, Dallas, TX 


9. Recurrent Tracheoesophageal Fistula After an Apparently Successful Repair With 
Muscle Interposition in a Ventilator-Dependent Patient 
Robert B. Wagner, Willie C. Blair, and Talal Munasifi, Rockville, MD 


SEMINAR IV 
ESOPHAGEAL PROBLEMS 
Discussion Leader: Alex G. Little, Las Vegas, NV 


10. Therapy for Cervical Esophageal Cancer 
Haywood S. Gilliam and Victor A. Ferraris, San Francisco, CA 
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11. Instrumental Perforation in a Patient With Suspected Carcinoma of the Distal 
Esophagus: Late Presentation 
John R. Hankins, Baltimore, MD 


12. Impacted Esophageal Foreign Body 
Leslie J. Kohman, John A. Meyer, and Marcy A. Bernstein, Syracuse, NY 


SEMINAR V 
PROBLEMS IN THORACIC TRAUMA 
Discussion Leader: Norman J. Snow, Cleveland, OH 


13. Exclusion Versus Repair of Thoracic Esophageal Injuries 
David Duncan and John D. Rumisek, Jacksonville, FL 


14, Traumatic Ventricular Septal Defect and Transected Thoracic Aorta 
Robert F. Tranbaugh, Deborah L. Manjoney, and Joseph N. Cunningham, Jr, Brooklyn, NY 


15. Transection of the Innominate Artery With Dissection of the Aortic Arch 
Harold L. Lazar, Gaetano Paone, Ahmad Rajaii, and Richard J. Shemin, Boston, MA 


SEMINAR VI 
PROBLEMS IN VALVULAR HEART DISEASE 
Discussion Leader: Cary W. Akins, Boston, MA 


16. Perforation of the Ventricular Free Wall Following Balloon Valvuloplasty 
George E. Cimochowski, Ramon A. Cukingnan, and Joseph S. Carey, Torrance, CA 


17. Double-Valve Replacement for Right-Sided Carcinoid Heart Disease 
Alejandro Aris, Jorge Juliá, José M. Padró, and José M. Caralps, Barcelona, Spain 


18. Evaluation and Treatment of Drug-Resistant Vegetative Endocarditis 
John D. Rumisek and Eric L. Ceithaml, Jacksonville, FL 


SEMINAR VII , 
PROBLEMS IN ACQUIRED HEART DISEASE 
Discussion Leader: Delos M. Cosgrove HI, Cleveland, OH 


19. Critical Aortic Stenosis and Asymptomatic Pulmonary Lesion 
Charles C. Canver, Thomas Z. Lajos, and Robert M. Mentzer, Jr, Buffalo, NY 


20. Left Thoracotomy for Combined Coronary Bypass Grafting and Repair of Descending 
Thoracic Aortic Aneurysm 
Gregory S. Couper, Lawrence H. Cohn, and John J. Collins, Jr, Boston, MA 


21. Replacement of an Infected Bentall Homograft 
Glorianne Ropchan and Tirone E. David, Toronto, Ont, Canada 


SEMINAR VIII 
PROBLEMS OF THE GREAT VESSELS 
Discussion Leader: Alexander S. Geha, Cleveland, OH 


22. Mycotic Aneurysm of the Aortic Arch with Aortoesophagotracheal Fistula 
Joshua H. Burack, Joseph Lamelas, Mario Sabado, Robert F. Tranbaugh, and 
Joseph N. Cunningham, Jr, Brooklyn, NY 


23. Acute Aortic Dissection Presenting With Evidence of Bowel Ischemia and Tamponade 
Lynda L. Mickleborough, Steven E. Fremes, and Akihiko Usui, Toronto, Ont, Canada 


24. Infected Ascending Aortic Aneurysm 
John H. Lemmer, Jr, and Douglas M. Behrendt, lowa City, IA 


SEMINAR IX 
PROBLEMS IN TRANSPLANTATION 
Discussion Leader: R. Morton Bolman III, Minneapolis, MN 


25. Single Lung Transplantation and Closure of Patent Ductus Arteriosis for Eisenmenger’s 
Syndrome 
Steven E. Fremes, G. Alexander Patterson, William G. Williams, Bernard S. Goldman, and the 
Toronto Lung Transplant Group, Toronto, Ont, Canada 


158 The Society of Thoracic Surgeons: Twenty-fifth Anniversary Meeting l Ann Thorac Surg 


7:00-8:00 


26. Advanced Mechanical Support Combining ECMO and Biventricular Assist as a Bridge 
to Transplantation 
Mark Guadagnoli, Larry Wei, Robert Kormos, Thomas Gasior, John Armitage, 
Robert L. Hardesty, and Bartley P. Griffith, Pittsburgh, PA 


27, Cardiac Transplantation for Intractable Prosthetic Valve Endocarditis 
Verdi J. DiSesa and Lawrence H. Cohn, Boston, MA 


SEMINAR X 
PROBLEMS IN CONGENITAL HEART DISEASE 
Discussion Leader: Scott Stewart, Rochester, NY 


28. Life-Threatening Postoperative Junctional Ectopic Tachycardia in an Infant 
Paul W. Braunstein, Robert M. Sade, and Paul C. Gillette, Charleston, SC 


29. Tetralogy of Fallot and Absent Pulmonary Valve Syndrome: Primary Repair in a 7- 
Week-Old Baby i 
C. I. Tchervenkov and Anthony R. C. Dobell, Montreal, Que, Canada 


30. Pulmonary Atresia and Intact Ventricular Septum: Complicated Fontan Operation 11 
Years After Waterston Shunt 
G. Ziemer, M. Heinemann, A. Haverich, I. Luhmer, H. C. Kallfelz, and Hans G. Borst, 
_ Hannover, West Germany 


September 13, 1989 (Wednesday morning) 


CLINICAL WORKSHOPS 
(8 Simultaneous Sessions) 
Session Committee: Robert A. Guyton, Atlanta, GA, and Douglas J. Mathisen, Boston, MA 


WORKSHOP I 
HOMOGRAFT AND AUTOGRAFT REPLACEMENT OF THE AORTIC VALVE 
Ronald C. Elkins, Oklahoma City, OK 


WORKSHOP II 
MECHANICAL LEFT VENTRICULAR ASSISTANCE 
O. Howard Frazier, Houston, TX 


WORKSHOP III 
CARDIAC TRANSPLANTATION IN INFANTS 
Constantine Mavroudis, Chicago, IL 


WORKSHOP IV 
MEDIASTINAL WOUND INFECTIONS 
Thomas J. Vander Salm, Worcester, MA 


WORKSHOP V 
CURRENT THERAPEUTIC APPROACHES TO CARCINOMA OF THE LUNG 
Harvey I. Pass, Bethesda, MD 


WORKSHOP VI 
BRONCHOPLASTIC TECHNIQUES FOR AIRWAY RECONSTRUCTION 
Douglas J. Mathisen, Boston, MA 


WORKSHOP VII 
THERAPY FOR FAILED ANTIREFLUX PROCEDURES 
Mark B. Orringer, Ann Arbor, MI 


WORKSHOP VIII 
LUNG TRANSPLANTATION 
Joel D. Cooper, St. Louis, MO 





EVENTS OF INTEREST 


Brief notices of meetings, courses, and symposia relevant 
to cardiothoracic surgery are published as a service. They 
should be formatted as follows: meeting title, date, place, 
sponsor, accreditation, director, fee, minimum/maximum 
attendance, and address/phone for further information. 


Third Annual Meeting of the European Society 
for Vascular Surgery, Malmé, Sweden— 
September 3-5, 1989 


A satellite symposium on pharmacological intervention to 
increase patency in arterial reconstructions will be held in 
the same location on September 6-7, 1989. For informa- 
tion on both symposia, contact the Congress Organisation 
Bureau, ESVS 89, c/o ICM AB, Geijersgatan 50, S-216 19 
Malmö, Sweden. 


Nineteenth World Congress of The International 
Society for Cardiovascular Surgery, Toronto, 
Ontario, Canada—September 5-9, 1989 

For information on this meeting, contact XIX World Con- 
gress, ISCVS Administrative Offices, 13 Elm St, Manches- 
ter; MA 01944; or telephone (508) 526-8330. 


Fourth World Congress of the International 
Society for Diseases of the Esophagus, Chicago, 
Illinois—September 6-8, 1989 


This meeting is sponsored by the American College of 
Chest Physicians and Smith Kline & French Laboratories 
and is accredited for hour-to-hour credit in category 1 of 
the Physician’s Recognition Award of the AMA. For 
‘information, contact the American College of Chest Phy- 
sicians, PO Box 93826, Chicago, IL 60673. 


The Third Current Controversies & Techniques in 


Congenital Heart Surgery, Baltimore, 
Maryland—September 8-9, 1989 


Sponsored by the University of Nebraska Medical Center. 
For information on this meeting, contact Terry Slade 
Young, Current Controversies and Techniques in Con- 
genital Heart Surgery, 11 S Paca St, University Square 
Bldg, Suite 304, Baltimore, MD 21201; or telephone (301) 
328-2399 (facsimile: (301) 328-8514). 


Announcements should be sent at least 4 months in 
advance of publication to The Annals of Thoracic Surgery, 
3108 Queeny Tower, Barnes Hospital Plaza, St. Louis, 
MO 63110-1041; telephone, (314) 361-6084. 


Twenty-fifth Annual Meeting of The Society of 
Thoracic Surgeons, Baltimore, Maryland— 
September 11—13, 1989 

For information on this meeting, contact George C. Kaiser, 
MD, The Society of Thoracic Surgeons, 111 East Wacker 
Dr, Chicago, IL 60601-4301;-or telephone (312) 644-6610. , 


Thirty-eighth Annual Meeting of The 
Scandanavian Association for Thoracic and 
Cardiovascular Surgery and The Scandanavian 
Society for Extracorporeal Technology, Aarhus, 
Denmark—September 13-16, 1989 

For information on this meeting, contact the Secretary of 
the Congress Committee SATCVS/SCANSECT, Chr. 
Mouritzen, MD, Department of Thoracic and Cardiovas- 
cular Surgery, Skejby Sygehus-Aarhus University Hospi- 
tal, DK-8200 Aarhus N, Denmark. 


Third Annual Meeting of the European 
Association for Cardio-Thoracic Surgery, 
Munich, Federal Republic of Germany— 
October 9-11, 1989 


For information on this meeting, contact Organizing Sec- 
retariat, Interplan Convention and Visitor Service, So- 
phienstrasse 1, D-8000 Munich 2, FRG; or telephone 089 
59 44 92 (telex: 523183 iplan d; facsimile: 089 59 16 10). 


Sixth World Congress of Bronchoesophagology, 
Tokyo, Japan—October 15-18, 1989 

This meeting is sponsored by the Organizing Committee 
of the Sixth World Congress of Bronchoesophagology, the 
Japan Broncho-esophagological Society, and the Founda- 
tion for Advancement of International Science under the 
auspices of the International Bronchoesophagological So- 
ciety. For information, contact the Secretariat of the Sixth 
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World Congress of Bronchoesophagology, c/o Japan Con- 
vention Services, Inc, Press Center Bldg, 2-2-1 Uchisaiwai- 
cho, Chiyoda-ku, Tokyo 100, Japan; or telephone 03-508- 
1213 (telex: J33104; facsimile: 03-508-0820). 


American College of Surgeons, Atlanta, 
Georgia—October 15-20, 1989 

For information on this meeting, contact American Col- 
lege of Surgeons, 55 E Erie St, Chicago, IL 60611; or 
telephone (312) 664-4050. 


Sixteenth World Congress on Diseases of the 
Chest and the Fifty-fifth Annual Scientific 
Assembly, American College of Chest Physicians, 
Boston, Massachusetts— 

October 30—-November 3, 1989 

This meeting is sponsored by the American College of 
Chest Physicians and the International Academy of Chest 
Physicians and Surgeons. For information, contact the 
American College of Chest Physicians, 911 Busse High- 
way, Park Ridge, IL 60068; or telephone (312) 698-2200. 


Thirty-sixth Annual Meeting of the Southern 
Thoracic Surgical Association, Scottsdale, 
Arizona—November 9-11, 1989 

For information on this meeting, contact Gordon F. Murray, 
MD, Southern Thoracic Surgical Association, 111 East 
Wacker Dr, Chicago, IL 60601-4301; or telephone (312) 
644-6610. 


Sixty-second Scientific Session of the American 
Heart Association, New Orleans, 
Louisiana—November 13-16, 1989 

For information on this meeting, contact American Heart 
Association, 7320 Greenville Ave, Dallas, TX 75231; or 
telephone (214) 750-5300. 


Twenty-fifth Anniversary—Open Heart Surgery, 
Jerusalem, Israel_December 28, 1989- 

January 1, 1990 

For information on this meeting, contact Joseph B. Bor- 
man, MD, or the Secretariat, PO Box 32390, Jerusalem 


EVENTS OF INTEREST 


91323, Israel; or telephone 972-2-663171 (telex: 26205 
TRGBL IL; facsimile: 972-2-665277). 


Specialty Review in Thoracic Surgery, Chicago, 
INinois—January 8-13, 1990 

This course is sponsored by the Cook County Graduate 
School of Medicine and is accredited for approximately 47 
hours in category 1 of the Physician’s Recognition Award 
of the AMA. For information, contact the Registrar's 
office: within Illinois, 1 (800) 621-4649; outside Illinois, 
1 (800) 621-4651, 


Nineteenth Annual Meeting of the German 
Society for Thoracic, Cardiac, and Vascular 
Surgery, Bad Nauheim, Federal Republic of 
Germany—February 22-24, 1990 

For information on this meeting, contact Hagen D. 
Schulte, MD, Professor of Surgery, Department of Tho- 
racic and Cardiovascular Surgery, Heinrich-Heine- 
University, Mcorenstrasse 5, D-4000 Dusseldorf, Federal 
Republic of Germany. 


Aortic Surgery Symposium II, New York, 
New York—May 4-5, 1990 


This symposium is sponsored by Meadox Medicals, Inc, 
and is accredited for 15 hours in category 1 of the 
Physician’s Recognition Award of the AMA and toward 
the New York Medical Association Certificate in Continu- 
ing Medical Education. For information, contact Beverly 
Farrier, Symposium Coordinator, ProMedica Interna- 
tional, 620 Newport Center Drive, Suite 575, Newport 
Beach, CA 92660. 


Seventh Congress of the European Society of 
Biomechanics, Aarhus, Denmark—July 8-11, 1990 


For information on this meeting, contact Seventh Con- 


gress of ESB, Biomechanics Laboratory, Orthopaedic Hos- - 


pital, Randersvej 1, 8200 Aarhus N, Denmark; or tele- 
phone 45-616-7500, extension 4649. 


CLASSIFIED ADS 


Classified ads for positions wanted or available must relate only 
to the thoracic or cardiovascular surgical specialties. Display 
space (minimum, %4 page) is also available through Media for 
Medicine, Inc, 440 Park Avenue South, New York, NY 10016 
(telephone: (212) 684-5540; facsimile: (212) 545-0651). All ads are 
subject to the approval of the editor, and material deemed 
inappropriate for publication in The Annals will be rejected. If 
anonymity is desired, please indicate this at the time of submis- 
sion and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. The charge for all 
classified advertising is $1.10 per word per insertion, minimum 
20 words. Abbreviations, dates, initials, post office box numbers, 
telephone numbers, years, and zip codes are considered one 
word each. There is an additional fee of $15.00 per insertion for 
box number ads. The copy deadline is 7 weeks prior to publica- 
tion, eg, for the March issue, copy should be received by the 1st 
of January. Ad orders should be for a maximum of 6 months; ads 
may be renewed for up to 6 months at a time. Ad copy should be 
typed double-spaced and mailed in duplicate to: The Annals of 
Thoracic Surgery, Desk Editorial, Classified Ads, Elsevier Science 
Publishing Co, Inc, 655 Avenue of the Americas, New York, 
NY 10010 (facsimile: (212) 633-3695). Make nonrefundable check 
payable to Elsevier Science Publishing Co, Inc. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised positions. 
When answering advertisements, please write individually to 
each advertiser you wish to contact, using the address given in 
the ad. To respond to an anonymous ad, write to Box Number, 
The Annals of Thoracic Surgery, Elsevier Science Publishing, 655 
Avenue of the Americas, New York, NY 10010. 


SITUATIONS AVAILABLE 


Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join another surgeon in private practice in the South- 
east. Please respond with curriculum vitae. 


Please respond to Box 100. 100A/G 


Cardiothoracic surgeon needed for rapidly expanding program 
located in a coastal area of the Southeast. Private practice, 
primarily adult cardiac and thoracic. BC/BE required. Respond 
with curriculum vitae and names of references. 


Please respond to Box 102. 102G/C 





Cardiothoracic surgeon, board certified with 2 to 4 years experi- 
ence in cardiac surgery, wanted to join a growing group of 
cardiac surgeons, cardiologists, and pulmonologists in the Pacific 
Northwest. General thoracic and vascular experience necessary. 
Research opportunities available, academic links possible. Salary 
leading to full partnership in 2 or 3 years; potential exists for 
leadership in major cardiac program. 


Please send curriculum vitae to John R. Bauman, Administrator 
at The Thoracic Clinic, PC, 507 NE 47th Ave, Portland, 
OR 97213-2282. 124C/ 





Cardiothoracic and vascular surgeon, board eligible/certified 
with experience in adult cardiac thoracic and vascular surgery, 
wanted to join well established 2-surgeon practice located in 
South Florida. Send CV. 


Please respond to Box 105. 105C/H 





Cardiothoracic surgeon to join established group in northwest 
Indiana (very near Chicago). Excellent salary. Please respond 
with curriculum vitae. 


Please respond to Box 104. 104C/H 


Cardiothoracic surgeon wanted for busy, expanding Southeast- 
ern private group in regional medical center with university 


affiliation. Practice includes most aspects of adult and pediatric 
cardiac and thoracic surgery. Surgeon must be board eligible or 
certified with contemporary training. Excellent opportunity for 
suitable applicant. 


Please respond to Box 112. 112D/G 
Cardiovascular/thoracic surgeon for expanding 2-man practice in 
northwest Florida. Primarily adult cardiac surgery, doing 350-400 
cases per year. Please respond with curriculum vitae and refer- 
ences. 


Please respond to Box 137. 137E/G 
Cardiothoracic surgeon, BE/BC, to join established 2-man private 
practice involved with adult cardiac, thoracic, and vascular 
surgery in major Midwest community. Salary leading to partner- 
ship. Please send CV, clinical experience, and references. 


Please respond to Box 143. 143E/G 
Cardiovascular and thoracic surgeon: Excellent opportunity for a 
board certified/eligible cardiovascular and thoracic surgeon to 
join a large cardiac surgery group in southern California. Must 
have a minimum of 1 year experience in pediatric and neonate 
cardiac surgery (including fellowship). Excellent fringe benefits. 
Respond with curriculum vitae. 


Please respond to Box 144. 144E/D 
Cardiothoracic surgeon needed to join established 2-man group 
in practice of adult cardiac, pulmonary, and vascular surgery. 
Must be board certified or eligible and graduate from a US 
medical school. 


Please respond to R. W. Ruess, MD, 1834 Broadway, Cape 
Girardeau, MO 63701. 149E/G 


Cardiothoracic surgeon/BC/BE: to establish a cardiothoracic sur- 
gery practice in 29-doctor multispecialty group practice. Local 
579-bed hospital has received C.O.N. for cardiac surgery. Com- 
petitive salary and incentive plus benefit package. Located in 
Central Florida, lake country. 


Please respond to Box 150. 150E/G 
Cardiovascular surgeon, board certified or eligible, needed for 
busy, private established practice. Primarily open heart surgery 
with some peripheral vascular and thoracic surgery. Competitive 
salary and benefits. Respond with CV and cover letter. 


Please respond to Box 151. 151FG 





Recruiting thoracic/vascular surgeon, VA Medical Center, 
Clarksburg, West Virginia. Affiliated with West Virginia Univer- 
sity. Full surgical residency rotation. Dual appointment. 


Respond to Gordon Murray, MD, Professor and Chairman, 
Department of Surgery, West Virginia University Medical Cen- 
ter, Morgantown, WV 26505; or telephone (304) 293-4869. Equal 
opportunity employers. 146FG 


Cardiothoracic surgeon: Board certified or eligible is sought to 
join an academic practice in the Midwest. Opportunity to become 
active and contribute to a growing cardiothoracic transplantation 
program. Excellent research opportunities available. 


Direct curriculum vitae or inquiries to J. Terrance Davis, MD, 
Medical College of Ohio, C.S. #10008, Toledo, OH 43699. An 
equal opportunity employer. 153F/1 





Cardiothoracic surgeon wanted to join a 2-man group located in 
an excellent growing community on the southeast coast of 
Florida. Practice mainly adult cardiac. BC/BE candidate with 
access to Florida license. Send CV. 


Please respond to Palm Beach Heart Surgery, 3385 Burns Rd, 
Suite 106, Palm Beach Gardens, FL 33410. 152FG 


Cardiovascular and thoracic surgeon BC/BE needed to join a 
busy solo CVT surgeon in private practice. Prefer recent grad. 
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Special expertise in adult and congenital/pediatric heart surgery a 
must. Desirable SW location. Please submit curriculum vitae and 
three professional references. 


Please respond tc Box 155. 155FG 





Cardiovascular and thoracic surgeon, BE/BC, wanted to join a 
busy private practice in Pittsburgh, PA. Please respond with 
curriculum vitae and details of experience. 


Please respond tc Box. 157. 157F/H 





Cardiovascular and thoracic surgeon—ABTS certified, wanted to 
join active adult and pediatric cardiovascular surgery practice in 
metropolitan DC area. Practice includes arrhythmia and vascular 
surgery, and cardiac transplantation. Respond with curriculum 
vitae outlining training and recent surgical experience. 


Please respond tc Box 156. 156FG 





Thoracic-vascular surgeon: Excellent opportunity for a board- 
certified or board-eligible noncardiac thoracic-vascular surgeon to 
join group practice on south shore of Long Island. Associated 
with two large level II 400-bed hospitals, fine recreational facili- 
ties, including beaches and boating, quality schools, and excel- 
lent homes. 


Please respond tc Box 148. 148EGIKA 





Cardiac-thoracic surgeon, needed for expanding program on 
west coast of Florida. Excellent opportunity, private practice, 
primarily adult cardiac including cardiac transplantation. BC/BE 
required. Please send CV. 


Please respond tc: Box 173. 173G 
Cardiothoracic/vascular surgeon wanted to join established prac- 
tice in Ohio. Recent graduate preferred. Please submit curricu- 
lum vitae and three references. 


Please respond to Box 172. 172G/K 
Cardiac surgeon needed for growing open heart program. Our 
service area encompasses more than 200,000 people in the 
intermountain West. Our program offers an extremely modern 
practice in Idaho’s newest and largest referral center. Commutes 
average 10 minutes on uncrowded country roads. Recreation 
opportunities include some of the Rockies’ finest skiing, hunting, 
fishing, camping, and hiking. For the right board eligible/certified 
cardiovascular surgeon, this position combines a fully supported 
cardiac practice with big country living. 


` Please respond to Box 174. 174GA 





Academic cardiothoracic surgeon. The Division of Cardiovascu- 
lar and Thoracic Surgery at the University of South Florida is 
seeking applications for a full-time faculty position. This is an 
excellent opportunity for academic and clinical development in 
an expanding program. Superb facilities and a most desirable 
location further enhance the position. 


Please forward curriculum vitae and three letters of recommen- 
dation to Peter P. McKeown, MB, FRCS(C}, Chief, Division of 
Cardiovascular and Thoracic Surgery, University of South Flor- 
ida, 12901 Bruce B. Downs Blvd, Box 16, Tampa, FL 33612-4799. 
The University of South Florida is an equal employment oppor- 
tunity/affirmative action employer. - 171G 


Thoracic surgeon: Board certified or eligible. Interested in prac- 
tice of thoracic, vascular, and general surgery in the greater 
Cincinnati area. Send resume. 


Please respond to Box 170. 170G/ 
Senior Investigator. A position of Senior Investigator in the 
Surgery Branch, National Heart, Lung, and Blood Institute will 
be available in November 1989. The responsibilities include 
independent performance of a wide range of cardiac operations 
including CABG, valve, valve + CABG, simple congenital, and 


IHSS procedures. The position requires the conduct of clinical 
and laboratory research and the teaching of midlevel general 
surgery residents and interaction with post CT residency fellows. 
The applicant must have completed an approved cardiothoracic 
surgery residency training program and have 2-5 years experi- 
ence as an independent cardiac surgeon. A strong academic 
background is sought in all applicants. The base salary range is 
$60,000-78,000 depending on qualifications. Physicians may be 
eligible for additional bonuses. 


Interested potential applicants should write or call Richard E. 
Clark, MD, Chief, Surgery Branch, NHLBI, Building 10, Room 
2N244, 9000 Rockville Pike, Bethesda, MD 20892; (301) 496- 
4285. US Citizenship required. NIH is an equal opportunity 
employer. 169G 





Cardiovascular thoracic surgeon needed to join busy established 
private practice in Ft. Lauderdale, Florida. Recent graduate 
preferred, must be board eligible or certified. Please send CV. 


Please respond to Box 168. 168G 





Cardiac transplant surgeon: Major cardiac surgery center with 
university affiliation and approved residency program in east 
coast city seeks board certified thoracic surgeon with heart 
transplant experience to direct the transplant program. Full open 
heart practice and partnership opportunity offered as well. Ex- 
cellent salary and benefits. Please send curriculum vitae. 


Please respond to Box 166. 166GH 
Cardiovascular and thoracic surgeon, board eligible or certified, 
to join expanding practice in Rocky Mountain region. Salary 
leading to full partnership. Please send CV and references. 


Please respond to Box 165. 165G/J 





Excellent opportunity for a BC/BE pediatric cardiac surgeon and 
BC/BE pediatric cardiologist to be involved in expanding a 
successful adult cardiac program in the upper Midwest. This is a 
cooperative venture between a medical school and a private 
practice adult cardiology group, so that opportunity for full- or 
part-time academic appointments in addition to private practice 
is available. Located in a family oriented community with excel- 
lent outdoor recreational facilities including hunting, fishing, and 
water sports. Send CV. 


Please respond to Box 164. 164G 
Cardiovascular and thoracic surgeon: Position available for a 
board certified or eligible cardiovascular and thoracic surgeon to 
join a 3-man private practice involved with adult cardiac, tho- 
racic, and peripheral vascular surgery in a desirable eastern 
metropolitan area. Association will lead to competitive salary, 
excellent fringe benefits, and early partnership. Please send 
curriculum vitae. 


Please respond to Box 163. 163G 








Thoracic and cardiovascular surgeon, board certified or eligible, 
wanted for an established practice in the Midwest with experi- 
ence in adult cardiac, thoracic, and peripheral vascular surgery. 
Experience or training in heart/lung transplantation preferred. 
Initial contact should include curriculum vitae, clinical experi- 
ence, and names of references. 


Please respond to Box 162. 162G/] 
Position available: thoracic and cardiovascular surgeon urgently 
needed for position with busy 2-man professional association at 
a large southwest medical center. Must be experienced in adult 
cardiac, pulmonary, esophageal, and vascular surgery. Must be 
board certified or eligible. Many benefits. Reply with curriculum 
vitae. 


Please respond to Box 176. 176G 


Additional cardiothoracic surgeon, BC/BE, to join expanding 
practice of cardiac/thoracic surgery at 500-bed affiliate of major 


medical center in Midwest. Skills in internal mammary grafting, 
valve repair, ventricular assist important, and familiarity with 
electrophysiological procedures desired. Excellent investigational 
facilities available with ample opportunity for clinical or basic 
science research. Private practice with academic affiliation—solid 
general surgery residency with active medical student participa- 
tion. Salaried position leading to eventual partnership for the 
right individual. Send CV. 


Please respond to Box 178. 178GA 





SITUATIONS WANTED 





Cardiovascular and thoracic surgeon wishes to relocate. Univer- 
sity trained with ABTS certification. Ten years’ experience with 
extensive cardiac, thoracic, and peripheral vascular surgery. 
Would be interested in starting new program or association with 
group. Curriculum vitae and references available upon request. 


Please respond to Box 117. 117C/H 





Cardiovascular and thoracic surgeon, 37, ABS, ABTS, person- 
able, strong technical skills and patient care, interested in joining 
group or starting new program. 


Please respond to Box 133. 133E/H 





Cardiovascular and thoracic surgeon wishes to relocate. ABS, 
ABTS with 10 years experience in adult cardiac, thoracic, and 
peripheral vascular surgery. All areas considered. Willing to 
initiate or help initiate new program. 


Please respond to Box 136. 136E/H 





Cardiovascular and thoracic surgeon, extensive experience, ABS, 
ABTS, university trained. CABG with IMA and vein, mitral valve 
reconstruction and valve replacement, extensive pulmonary and 
vascular experience including laser angioplasty. Solid research 
interest with 90 published papers. Wishes to join active car- 
diothoracic practice. Curriculum vitae and references on request. 


Please respond to Box 138. 138E/G 





Cardiothoracic surgeon, 36, wishes to relocate, preferably in 
Southeast or Midwest. ABS/ABTS. University and private group 
practice with extensive experience in complex adult thoracic and 
cardiovascular surgical disease. Interested in starting new pro- 
gram or associating with established practice. 


Please respond to Box 177. 177G/ 





Cardiovascular and thoracic surgeon, 42, American, ABS, ABTS, 
ABVS. Eight years private practice experience. Completed over- 
seas fellowship in heart and heart/lung transplantation. Seeks 
opportunity with individual or group practice of cardiovascular 
and thoracic surgery. Curriculum vitae and references upon 
request. 


Please respond to Box 199. 199G/I 
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FELLOWSHIPS 





Fellowship in thoracic and cardiovascular surgery at Baylor 
University Medical Center. 


Contact Dr Harold C. Urschel, 3600 Gaston Avenue, Suite 1201, 
Dallas, TX 75246; telephone (214) 824-2503. 129G/L 





Physicians—Cardiothoracic fellowships available immediately; 
for cardiac center located on the north shore of Long Island with 
a busy program in adult and pediatric cardiac surgery. Opportu- 
nity for outstanding candidates at conclusion of fellowship to join 
full-time private practice associate group specializing in cardiac 
surgery. Applicants must have completed training in general 
surgery with special interest and/or training in cardiothoracic 
surgery. Salary commensurate with qualifications; excellent 
fringe benefits. 


Resumes and references should be forwarded to Coordinator, 

Medical Staff Affairs, St. Francis Hospital, 100 Port Washington 

Blvd, Roslyn, NY 11576. An equal opportunity employer. 
158F/H 





Fellowship in cardiovascular surgery: Clinical training position 
in adult cardiovascular surgery with emphasis on use of the 
operating microscope for coronary bypass surgery available July 
1989. Generous stipend and fringe benefits. 


Please send curriculum vitae with requirements to John Bell- 
Thomson, MD, Chairman, Division of Cardiothoracic Surgery, 
Albert Einstein Medical Center, York & Tabor Roads, Philadel- 
phia, PA 19141. 159FG 





Vascular surgeon fellow: Deborah Heart & Lung Center is 
currently seeking qualified physician for fellowship training or 
surgical rotations in adult vascular surgery. Outstanding educa- 
tional opportunities with excellent salary and benefits. 


Please contact Lynn B. McGrath, MD, Chairman, Department of 
Surgery, Deborah Heart & Lung Center, Browns Mills, NJ 08015; 
(609) 893-6611, Ext 634. 175GA 





Surgical fellow—Clinical fellowship position available in adult 
and pediatric cardiothoracic surgery. Large volume of cases. NJ 
license required. Excellent salary and benefits. 


Please contact Lynn B. McGrath, MD, Department of Surgery, 
Deborah Heart & Lung Center, Browns Mills, NJ 08015. 
167G/L 





Pediatric cardiovascular fellowship position available 7/89 for 
board credit at Children’s Hospital of New Jersey for 4 months. 
Must have New Jersey license. 


Contact Joseph J. Amato, MD, Director, Department of Pediatric 
Cardiovascular Surgery, Children’s Hospital of New Jersey 
(UHMC), 15 South Ninth St, Newark, NJ 07107; (201) 268-8606. 
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Presentations will cover such topics as: 
e Unusual manifestations of abdominal aortic aneurysms 
* Transplantation of the pancreas 
+ Hepatic surgery 

e Mesenteric ischemia 
Surgical treatment of biliary tract disease 

* Current concepts in atherosclerosis 

e Current concepts in the treatment of colon cancer 
+ Current concepts in the treatment of breast cancer 
* Update in pediatric surgery 


FACULTY 


David C. Hohn, M.D. 
J.F. Howell, M.D. 
George L. Jordan, M.D. 
Montague Lane, M.D. 
Gerald M. Lawrie, M.D. 
Ernest Max, M.D. 


Charles McCollum, M.D. 


George Noon, M.D. 


HEART SURGERY 


Baltimore Inner Harbor 
Baltimore, Maryland 


SEPTEMBER 8-9, 1989 


Division of Cardiac Surgery University of Nebraska 


Immediately prior to the annual meeting of the 
Society of Thoracic Surgeons in Baltimore, 
Maryland which begins September 10, 1989 


Topics: 


Fetal Diagnosis and Surgery 


Arterial Switch — Tricks and 


Problems 


Hypoplastic Left Heart — 
Norwood vs Transplant 


Pulmonary Atresia 


Intact Septum — Sinusoids 

VSD — Unifocalization 
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This year's "Surgery Update" meeting will present current concepts and 
techniques in general, pediatric, abdominal, hepatic and cardiovascular 


David M. Ota, M.D. 


William J. Pokorny, M.D 


Mark Roh, M.D. 
Hans W. Sollinger, M.D. 
Melvin Spira, M.D. 
Fernando Stein, M.D. 
David Vanderpool, M.D. 


Hartwell Whisennand, M.] 


CURRENT CONTROVERSIES AND 
TECHNIQUES IN CONGENITAL 













FELLOWSHIP IN THORACIC 
SURGERY 


The Surgery Branch ofthe National Cancer Insti- 
tute, National Institutes of Health has an immediate 
opening for a Fellowship in Thoracic Surgery. This 
program offers a broad experience in thoracic 
oncologic surgery with opportunities to participate 
in clinical and basic research. A two-year program 
is available for candidates desiring additional re- 
search experience. Applicants must be Board Eligi- 
ble in Thoracic Surgery. Please submit a current 
curriculum vitae and bibliography. Salary for this 
Fellowship position is dependent on background 
and qualifications. 


























CONTACT: 
Harvey T. Pass, M.D. 
Head, Thoracic Oncology Section 
Surgery Branch 
National Cancer Institute 
Bidg. 10, Room 2B07 
9000 Rockville Pike 
Bethesda, Maryland 20892 
(301) 496-2127 


NIH is an equal opportunity employer. 









PROFESSOR AND HEAD 
SECTION OF CARDIOVASCULAR-THORACIC 
SURGERY 





















Applications are invited for the position of Head of the Section 
of CVT Surgery, Department of Surgery at the Faculty of 
Medicine, University of Manitoba for a five year term com- 
mencing July 1, 1990, or as soon thereafter as possible. 


Candidates should have a substantial record of academic 
achievement in CVT Surgery and extensive experience in 
teaching and research, as well as proven administrative 
experience. The Section is responsible for programs of edu- 
cation at the undergraduate and graduate levels. 


Candidates must have Senior Specialty qualifications in Sur- 
gery in the country of current practice and must be eligible for 
registration with the College of Physicians and Surgeons of 
Manitoba in their particular specialty. 


The University of Manitoba offers good working conditions, a 
competitive salary and an attractive fringe benefit package. 


Both men and women are encouraged to apply. In accor- 
dance with Canadian Immigration requirements, priority will 
be given to Canadian citizens and permanent residents of 
Canada. 


Applications and nominations should be accompanied by a 
curriculum vitae and submitted not later than September 20, 
1989 to: 


Dr. N.R. Anthonisen, Chair 
Section of CVT Search Committee 

Faculty of Medicine, University of Manitoba 
A101-753 McDermot Avenue 

Winnipeg, Manitoba, Canada R3E 0W3 
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to rely on 
our Il-year-old. 


Today, more patients have a St. Jude Medical* prosthetic 
heart valve than any other. Why? Because its reliable design 
has, literally, withstood the test of time. 

To the many cardiovascular specialists who routinely 

= rely on our valve, we'd like to say, “Thank you.’ 
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Twenty-fifth Anniversary Meeting of The Society of Thoracic Surgeons 
September 11-13, 1989, Baltimore Convention Center, Baltimore, MD 


Thirty-sixth Annual Meeting of the Southern Thoracic Surgical Association 
November 9-11, 1989, Phoenician Golf and Tennis Resort, Scottsdale, AZ 
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“My job is 
to give each 

patient the best 

possible care.” 


“Our job is to build 
the most reliable, 
easy-to-read chest 
drains available.” 





The next generation water-seal 
drainage system is here. 

Atrium’s new Compact 2002™ is 
designed to let you devote more 
time to your patients, instead of 
monitoring equipment. 

The numbers are large, crisp, clearly 
defined to make readings easier and 
faster. The unit is small, friendly, 
simple to set up and use. Atrium 
makes tracking your patient's 
progress easier with its graphically 
improved water-seal and patient 
pressure float ball. Together with 
improved evaporation protection, 
funnel, better connectors and 
pricing, Atrium sets a new standard. 
A better choice. 

Atrium’s Single, Dual Collection 
and Infant/Pediatric chest drain 
systems are built to be the best. 
Because we are sensitive to your 
needs. . .and your patients’. Especially 
the little ones. 

At Atrium, we share your commit- 
ment to patient care by making 
products of utmost reliability. All 
our manufacturing operations are 
state-of-the-art technology. 

Our high quality standards are 
inflexible. No compromises. Ever. 


Find out more about Atrium’s new 
direction. Call us for a Compact 
2002™ demonstration. Toll-free at 
1-800-5-ATRIUM. 


We're working hard to be your new 
chest drain company. 











ATRIUM MEDICAL CORPORATION 
17 Clinton Drive 

Hollis, New Hampshir@ 03049 U.S.A. 
Tel. 603/880-1433 

Telex 469919 
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Vitalcor/ POLYSTAN 


Vitalcor Inc. 


100 E. Chestnut Ave. Quality 
Westmont, Illinois 60559 Without 
(312) 323-3888 Telex 757152 Compromise 


Call Toll-Free: 1-800-874-8358 


“Vitalcor, Inc. is the exclusive distributor of Polystan products in the USA” 
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The Annals 
of Thoracic 
Surgery 


Elsevier Science Publishing 
Company, Inc. 

655 Avenue of the Americas, 
New York, NY 10010 





O Moving? Please give us 6 
weeks advance notice. At- 
tach the label for your old 
address here, print your 
new address and zip code 
below, and send us this 
entire form. 


CO Entering a New Subscrip- 
tion? Please fill out the 
order form below. 


C A Problem or Query? We 
can serve you best if you 
include your mailing label 
with any correspondence. 











Name 
Address 
City/State 











Country/Zip/Postal Code 





Specialty 





I am a member of 
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Please enter my 1989 subscription to The Annals of 
Thoracic Surgery, ISSN 0003-4975, Volumes 47, 
48 (12 issues) 

*[] Personal Rate: $70.00 

O Resident, Intern Rate: $52.50 

J Institutional Rate: $110.00 

For air delivery in the U.S.. Canada, and Mexico, add $48.00 
Subscribers outside the U.S. should add $22.00 for surface delivery; 
$55.00 for surface air lift delivery to Europe: $70.00 for surface air 


lift to Japan; or $135.00 for air delivery to the rest of the world (not 
available to Japan) 
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In the post-MI heart failure patient, the inotropic 
action of dobutamine increases tissue perfusion 
while maintaining a favorable impact on the 
determinants of myocardial oxygen consumption. 


DOBUTAMINE -C 


See adjacent page for brief summary of prescribing information. 
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Dobutrex” Solution 


dobutamine hydrochloride injection 


Excessive dosages of Dobutrex or other inotropic agents may pro- 
duce unwanted alterations in blood pressure, heart rate, or ventric- 
ular ectopic activity. 
Brief Summary. Consult the package literature for prescribing information. 
Clinical Pharmacology: Dobutrex Solution is a direct-acting inotropic agent whose 
primary activity results from stimulation of the B-receptors of the heart while producing 
comparatively mild chronotropic. hypertensive, arrhythmogenic, and vasodilative 
effects. i does not cause the release of endogenous norepinephrine, as does dopamine. 
in animal studies, dobutamine produces less increase in heart rate and iess decrease in 
peripheral vascular resistance for a given inotropic effect than does isoproterenol, 

in patients with depressed cardiac function. both dobutamine and isoproterenoi 
increase the cardiac output to a similar degree. in the case of dobutamine, this increase 
is usually not accompanied by marked increases in heart rate {although tachycardia is 
occasionally observed), and the cardiac stroke volume is usually increased. In contrast, 
isoproterenol increases the cardiac index primarily by increasing the heart rate while 
stroke volume changes little or declines. 

Facilitation of atrioventricular conduction has been observed in human electrophysio- 
logic studies and in patients with atrial fibrillation. 

Systemic vascular resistance is usually decreased with administration of dobutamine. 
Occasionally, minimum vasoconstriction has been observed. 

Most Cliracal experience with dobutamine is short term—not more than severai hours 
in duration, In the limited number of patients who were studied for 24,48, and 72 hours. a 
persistent increase in cardiac output occurred in some, whereas output returned toward 
baseline values in others. 

The onsetof action of Dobutrex Solutionis within one to two minutes: however, as much 
as ten minutes may be required to obtain the peak effect of a particular infusion rate. 

The plasma half-life of dobutamine in humans is two minutes. The principal routes of 
metabolism are methylation of the catechol and conjugation. In human urine, the major 
excretion products are the conjugates of dobutamine and 3-O-methyl dobutamine. The 
3-O-methyi derivative of dobutamine is inactive. 

Alteration of synaptic concentrations of catecholarnines with either reserpine or 
tricyclic antidepressants does not alter the actions of dobutamine in animais, which 
indicates that the actions of dobutamine are not dependent on presynaptic mechanisms. 


Indications and Usage: Dobutrex Solution is indicated when parenteral therapy is 
necessary for inotropic support in the short-term treatment of adults with cardiac 
decompensation due to depressed contractility resulting either from organic heart 
disease ar from cardiac surgical procedures. 

in patients who have atrial fibrillation with rapid ventricular response, a digitalis 

preparation should be used prior to institution of therapy with Dobutrex Solution. 
Contraindications: Dobutrex Solution is contraindicated in patients with idiopathic 
hypertrophic subaortic stenosis and in patients who have shown previous manifesta- 
tions of hypersensitivity to Dobutrex Solution. 
Warnings: 1. increase in Heart Rate or Bioed Pressure Dobutrex Solution may cause a 
marked increase in heart rate or blood pressure, especially systolic pressure. Approxi- 
mately 10°% of patients in clinical studies have had rate increases of 30 beats /minute or 
more, and about 75% have had a 50-mm Hg or greater increase in systolic pressure. 
Usually. reduction of dosage reverses these effects. Because dobutamine facilitates 
atrioventricular conduction, patients with atrial fibrillation are at risk of developing rapid 
ventricular response. Patients with preexisting hypertension appear to face an 
increased risk of developing an exaggerated pressor response. 

2. Ectopic Activity~-Dobutrex Solution may precipitate or exacerbate ventricular 
ectopic activity, but it rarely has caused ventricular tachycardia. 

3. Hypersensitivity- Reactions suggestive of hypersensitivity associated with admin- 
istration of Dobutrex Solution, inciuding skin rash, fever. eosinophilia, and bron- 
chospasm, have been reported occasionally. 

4. Dobutrex Solution contains sodium bisulfite, a sulfite that may cause allergic-type 
reactions. including anaphylactic symptoms and life-threatening or less severe asth- 
matic episodes, in certain susceptible people. The overaii prevalence of sulfite sensitiv- 
ityin the general population is unknown and probably low. Sulfite sensitivity is seen more 
frequently in asthmatic than in nonasthmatic people. 


Precautions: 1. During the administration of Dobutrex Solution, as with any adrener- 
gic agent, ECG and blood pressure should be continuously monitored. in addition, 
pulmonary wedge pressure and cardiac output should be monitored whenever 
possibie to aid in the safe and effective infusion of Dobutrex Soiution. 

2. Hypavolemia should be corrected with suitable volume expanders before treatment 
with Dobutrex Solution is instituted. 

3. Animal studies indicate that dobutamine may be ineffective if the patient has 
recently received a 8-blocking drug. In such a case, the peripheral vascular resistance 
may increase 

4. No improvement may be observed in the presence of marked mechanical obstruc- 
tion, such as severe valvular aortic stenosis. 

Usage Following Acute Myocardial Intarction— Clinical experience with Dobutrex Solu- 
tion following myocardial infarction has been insufficient to establish the safety of the 
drug for this use. There is concern that any agent that increases contractile force and 
heart rate may increase the size of an infarction by intensifying ischemia, but it is not 
known whether dobutamine does so. 

Usage i Pregnana ay Reproductionstudiesperformedinratsandrabbitshaverevealed 
no evidence of impaired fertiity, harm to the fetus. or teratogenic effects due to dobuta- 
mine. However, the drug has not been administered to pregnant women and should be 
used only when the expected benefits clearly outweigh the potential risks to the fetus. 

Pediatric Use— The safety and effectiveness of Dobutrex Solution for use in children 
have not been studied. 

Drug interactions There was no evidence of drug interactions in clinical studies in 

which Dobutrex Solution was administered concurrently with other drugs, including 
digitalis preparations, furosemide, spironolactone. lidocaine. glyceryl trinitrate, isosor- 
bide dinitrate, morphine, atropine, heparin, protamine, potassium chioride, folic acid. and 
acetaminophen. Preliminary studies indicate that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac output and, usually, a lower pulmonary 
wedge pressure than when either drug is used alone. 
Adverse Reactions: increased Heart Rate, Blood Pressure. and Ventricular Ectopic Activ- 
ity— A 10- to 20-mm increase in systolic biood pressure and an increase in heart rate of 
5 to 14 beats/minute have been noted in most patients. (See Warnings regarding exagger- 
ated chronotropic and pressor effects.) Approximately 5% of patients have had increased 
premature ventricular beats during infusions. These effects are dose related. 

Hypotension—Precipitous decreases in blood pressure have occasionally been 
described in association wth dobutamine therapy. Decreasing the dose or discontinuing 
the infusion typically results in rapid return of biood pressure to baseline values. 

Reactions at Sites of intravenous infusion~— Phlebitis has occasionally been reported 
Local inflammatory changes have been described following inadvertent infiltration. 

Miscellaneous Uncommon Effects— The tollowing adverse effects have been reported 
in 1% to 3% of patients: nausea, headache, anginai pain. nonspecific chest pain. 
palpitations, and shortness of breath. 

No abnormal laboratory values attributable to Dobutrex Solution have been observed. 

Longer Term Safety—infusions of up to 72 hours have revealed no adverse effects 
other than those seen with shorter infusions. 
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Additional information available to the profession on request from Eli Lily and Company. 
indianapolis, indiana 46285. 


Eli Lily industries, inc 
SL Carolina, Puerto Rico 00630 
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Lower Extremity Salvage 
and Reconstruction: 

Orthopedic and Plastic Surgical 

Management asa 


By: Michael J. Yaremchuk, MJ atecoseua a 
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MD, and Robert J. Brum- VRIE LO 
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tions by Samuel S. Blick, 
MD, Paul N. Manson, 
MD, and Andrew J. 
Weiland, MD 


Lower Extremity 
Salvage and 
Reconstruction 
presents the niall! ny ement of severe injuries 
of the lower extremity. The product of experience from 
the MIEMSS Shock Trauma Center in Baltimore, 
Maryland — where over 2,500 trauma victims are 
treated each year — Lower Extremity Salvage and 
Reconstruction describes a treatment protocol that 
delivers both viable and functional lower extremities. 
Inherent to this protocol is early intervention by plastic 
surgeons working in conjunction with orthopedic 
surgeons, particularly for the extensive soft-tissue/bony 
damage combinations found in open fractures. 










Yaremhuk > Bunges 


@ Presents state-of-the-art orthopedic and plastic 
surgical techniques 

@ Offers proven, step-by-step protocols from the 
MIEMSS Shock Trauma Center — one of the 
busiest such facilities in the U.S. 

E Incorporates over 375 illustrations, including 
original line drawings, sequential clinical photo- 
graphs, correlated anatomic illustrations and 


a photographe, and tables 


y-five two-color drawings highlight relevant 
anatomic landmarks 
@ Features numerous illustrated case histories 
@ Includes outstanding contributions from noted 
clinical authorities in both plastic and orthopedic 


surgery 





Contents: Philosophy and Concepts * Anatomy of the Leg 
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_ Malignant Conditions 


Blenoxane' 
(sterile bleomycin sulfate, USP) 





BLENOXANE’ 


(Sterile Bleomycin Sulfate, USP) 


This is the full text of the latest Official Package Circular dated October 
1987 (P4188). 


It is recommended that Blenoxane be administered under the 
Supervision of a qualified physician experienced in the use of 
cancer chemotherapeutic agents. Appropriate management of 
therapy and complications is possible only when adequate diag- 
Nostic and treatment facilities are readily available. 

Pulmonary fibrosis is the most severe toxicity associated with 
Blenoxane. The most frequent presentation is pneumonitis 
occasionally progressing to pulmonary fibrosis. Its occurrence 
is higher in elderly patients and in those receiving greater than 
400 units total dose, but pulmonary toxicity has been observed 
in young patients and those treated with low doses. 

A severe idiosyncratic reaction consisting of hypotension, 
mental confusion, fever, chills, and wheezing has been reported 
in approximately 1% of lymphoma patients treated with 
Blenoxane. 





DESCRIPTION 
Blenoxane (sterile bleomycin sulfate, USP) is a mixture of cytotoxic 
glycopeptide antibiotics isolated from a strain of Streptomyces ver- 
ticillus. Itis freely soluble in water. 

Note: A unit of bleomycin is equal to the formerly used milligram 
activity. The term milligram activity is a misnomer and was changed 
to units to be more precise. 


ACTION 

Although the exact mechanism of action of Blenoxane is unknown, 
available evidence would seem to indicate that the main mode of 
action is the inhibition of DNA synthesis with some evidence of lesser 
inhibition of RNA and protein synthesis. 

In mice, high concentrations of Blenoxane are found in the skin, 
lungs, kidneys, peritoneum, and lymphatics. Tumor cells of the skin 
and lungs have been found to have high concentrations of Blenoxane 
in contrast to the low concentrations found in hematopoietic tissue. 
The low concentrations of Blenoxane found in bone marrow may 
be related to high levels of Blenoxane degradative enzymes found 
in that tissue. 

In patients with a creatinine clearance of >35 mL per minute, the 
serum or plasma terminal elimination half-life of bleomycin is approx- 
imately 115 minutes. In patients with a creatinine clearance of 
<35 mL per minute, the plasma or serum terminal elimination half- 
life increases exponentially as the creatinine clearance decreases. In 
humans, 60% to 70% of an administered dose is recovered in the urine 
as active bleomycin. 


INDICATIONS 

Blenoxane should be considered a palliative treatment. It has been 
shown to be useful in the management of the following neoplasms 
either as a single agent or in proven combinations with other 
approved chemotherapeutic agents: 

Squamous Cell Carcinoma—Head and neck (including mouth, 
tongue, tonsil, nasopharynx, oropharynx, sinus, palate, lip, buccal 
mucosa, gingiva, epiglottis, larynx), skin, penis, cervix, and vulva. 
The response to Blenoxane is poorer in patients with head and neck 
cancer previously irradiated. 

Lymphomas — Hodgkin's, reticulum cell sarcoma, lymphosarcoma. 

Testicular Carcinoma—Embryonal cell, choriocarcinoma, 
and teratocarcinoma. 


CONTRAINDICATIONS 
Blenoxane is contraindicated in patients who have demonstrated a 
hypersensitive or an idiosyncratic reaction to it. 


WARNINGS 

Patients receiving Blenoxane must be observed carefully and fre- 
quently during and after therapy. It should be used with extreme cau- 
tion in patients with significant impairment of renal function or 
compromised pulmonary function. 

Pulmonary toxicities occur in 10% of treated patients. In approxi- 
mately 1%, the nonspecific pneumonitis induced by Blenoxane 
progresses to pulmonary fibrosis, and death. Although this is age 
and dose related, the toxicity is unpredictable. Frequent roentgeno- 
grams are recommended. 

Idiosyncratic reactions similar to anaphylaxis have been reported 
in 1% of lymphoma patients treated with Blenoxane. Since these 
usually occur after the first or second dose, careful monitoring is 
essential after these doses. 


Renal or hepatic toxicity, beginning as a deterioration in renal or 
liver function tests, have been reported infrequently. These toxicities 
may occur, however, at any time after initiation of therapy. 

Usage in Pregnancy: Safe use of Blenoxane in pregnant women 
has not been established. 


ADVERSE REACTIONS 

Pulmonary—This is potentially the most serious side effect, occur- 
ring in approximately 10% of treated patients. The most frequent 
presentation is pneumonitis occasionally progressing to pulmonary 
fibrosis. Approximately 1% of patients treated have died of pulmo- 
nary fibrosis. Pulmonary toxicity is both dose and age related, being 
more common in patients over 70 years of age and in those receiving 
over 400 units total dose. This toxicity, however, is unpredictable and 
has been seen occasionally in young patients receiving low doses. 

Because of lack of specificity of the clinical syndrome, the identifi- 
cation of patients with pulmonary toxicity due to Blenoxane has been 
extremely difficult. The earliest symptom associated with Blenoxane 
pulmonary toxicity is dyspnea. The earliest sign is fine rales. 

Radiographically, Blenoxane-induced pneumonitis produces non- 
specific patchy opacities, usually of the lower lung fields. The most 
common changes in pulmonary function tests are a decrease in total 
lung volume and a decrease in vital capacity. However, these changes 
are not predictive of the development of pulmonary fibrosis. 

The microscopic tissue changes due to Blenoxane toxicity include 
bronchiolar squamous metaplasia, reactive macrophages, atypical 
alveolar epithelial cells, fibrinous edema, and interstitial fibrosis. The 
acute stage may involve capillary changes and subsequent fibrinous 
exudation into alveoli producing a change similar to hyaline mem- 
brane formation and progressing to a diffuse interstitial fibrosis 
resembling the Hamman-Rich syndrome. These microscopic find- 
ings are nonspecific, eg, similar changes are seen in radiation 
pneumonitis, pneumocystic pneumonitis. 

To monitor the onset of pulmonary toxicity, roentgenograms of the 
chest should be taken every 1 to 2 weeks. If pulmonary changes are 
Noted, treatment should be discontinued until it can be determined 
if they are drug related. Recent studies have suggested that sequen- 
tial measurement of the pulmonary diffusion capacity for carbon 
monoxide (DLco) during treatment with Blenoxane may be an indica- 
for of subclinical pulmonary toxicity. It is recommended that the 
DLco be monitored monthly if it is to be employed to detect pulmo- 
nary toxicities, and thus the drug should be discontinued when the 
DLp falls below 30% to 35% of the pretreatment value. 

ecause of bleomycin's sensitization of lung tissue, patients who 
have received bleomycin are at greater risk of developing pulmonary 
toxicity when oxygen is administered in surgery. While long exposure 
to very high oxygen concentrations is a known cause of lung dam- 
age, after bleomycin administration, lung damage can occur at lower 
concentrations than usually would be considered safe. Suggested 
preventive measures are: 

(1) Maintain Fl O, at concentrations approximating that of room 

air (25%) during surgery and the postoperative period. 

(2) Monitor carefully fluid replacement, focusing more on col- 

loid administration rather than crystalloid. 

Sudden onset of an acute chest pain syndrome suggestive of 
pleuropericarditis has been rarely reported during Blenoxane infu- 
sions. Although each patient must be individually evaluated, further 
Courses of Blenoxane do not appear to be contraindicated. 

Idiosyncratic Reactions—|n approximately 1% of the lymphoma 
patients treated with Blenoxane, an idiosyncratic reaction, similar to 
anaphylaxis clinically, has been reported. The reaction may be 
immediate or delayed for several hours, and usually occurs after the 
first or second dose. It consists of hypotension, mental confusion, 
fever, chills, and wheezing. Treatment is symptomatic including vol- 
ume expansion, pressor agents, antihistamines, and corticosteroids. 

integument and Mucous Membranes—These are the most fre- 
quent side effects being reported in approximately 50% of treated 
patients. These consist of erythema, rash, striae, vesiculation, 
hyperpigmentation, and tenderness of the skin. Hyperkeratosis, nail 
changes, alopecia, pruritus, and stomatitis have also been reported. 
It was necessary to discontinue Blenoxane therapy in 2% of treated 
patients because of these toxicities. 

Skin toxicity is a relatively late manifestation usually developing in 
the 2nd and 3rd week of treatment after 150 to 200 units of 
Blenoxane have been administered and appears to be related to the 
cumulative dose. 

Other—Vascular toxicities coincident with the use of Blenoxane in 
combination with other antineoplastic agents have been reported 
rarely. The events are clinically heterogeneous and may include 
myocardial infarction, cerebrovascular accident, thrombotic 
microangiopathy (HUS) or cerebral arteritis. Various mechanisms 
have been proposed for these vascular complications. There are also 
reports of Raynaud's phenomenon occurring in patients treated with 
Blenoxane in combination with vinblastine with or without cisplatin 
or, in a few cases, with Blenoxane as a single agent. It is currently 
unknown if the cause of Raynaud's phenomenon in these cases is the 
disease, underlying vascular compromise, Blenoxane, vinblastine, 
hypomagnesemia, or a combination of any of these factors. 


Mead {dinson 


ONCOLOGY PRODUCTS 


AA A Bristol-Myers Company 
VAY Evansville, Indiana 47721 


Fever, chills, and vomiting were frequently reported side effects. 
Anorexia and weight loss are common and may persist long after ter- 
mination of this medication. Pain at tumor site, phlebitis, and other 
local reactions were reported infrequently. 


DOSAGE 

Because of the possibility of an anaphylactoid reaction, lymphoma 
patients should be treated with 2 units or less for the first two doses. 
If no acute reaction occurs, then the regular dosage schedule may 
be followed. 

The following dose schedule is recommended: Squamous cell car- 
cinoma, lymphosarcoma, reticulum cell sarcoma, testicular 
Carcinoma—0.25 to 0.50 units/kg (10 to 20 units/m2) given 
intravenously, intramuscularly, or subcutaneously weekly or twice 
weekly. 

Hodgkin's Disease—0.25 to 0.50 units/kg (10 to 20 units/m2) given 
intravenously, intramuscularly, or subcutaneously weekly or twice 
weekly. After a 50% response, a maintenance dose of 1 unit 
daily or 5 units weekly intravenously or intramuscularly should 
be given. 

Pulmonary toxicity of Blenoxane appears to be dose related with 
a striking increase when the total dose is over 400 units. Total doses 
over 400 units should be given with great caution. 

Note: When Blenoxane is used in combination with other 
antineoplastic agents, pulmonary toxicities may occur at lower 
doses. 

Improvement of Hodgkin's Disease and testicular tumors is prompt 
and noted within 2 weeks. If no improvement is seen by this time, improve- 
ment is unlikely. Squamous cell cancers respond more slowly, sometimes 
requiring as long as 3 weeks before any improvement is noted. 


ADMINISTRATION 
Blenoxane may be given by the intramuscular, intravenous, or sub- 
Cutaneous routes. 

Intramuscular or Subcutaneous — Dissolve the contents of a 
Blenoxane vial in 1 to 5 mL of Sterile Water for Injection, USP, 
Sodium Chloride for Injection, USP, 5% Dextrose Injection, USP, 
or Bacteriostatic Water for Injection, USP. 

Intravenous — Dissolve the contents of the vial in 5 mL or more of 
a solution suitable for injection, eg, physiologic saline or glucose, 
and administer slowly over a period of 10 minutes. 


STABILITY 
The sterile powder is stable under refrigeration (2°-8°C) and should 
not be used after the expiration date is reached. 

Blenoxane is stable for 24 hours at room temperature in Sodium 
Chloride or 5% Dextrose Solution. 

Blenoxane is stable for 24 hours in 5% Dextrose containing heparin 
100 units per mL or 1000 units per mL. 

Procedures for proper handling and disposal of anticancer drugs 
should be considered. Several guidelines on this subject have been 
published.‘ There is no general agreement that all of the proce- 
dures recommended in the guidelines are necessary or appropriate. 
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SUPPLY 
Each vial contains 15 units of Blenoxane as sterile bleomycin sulfate, 
USP 
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‘To Simplify Autotransfusion, STAE-P” 
Introduces Digital Technology 


Shileys new STAT-P utilizes some 
of the most advanced, most innovative 
digital technology ever developed. 

Your index finger. 

Simply by pressing it to the P1, P2 or 
P3 button in STAT-P’s automatic mode, you 
can match the appropriate cycle parame- 
ters to the procedure youre performing— 
whether it be cardiovascular, thoracic, 
orthopedic, or gynecological. 

Plus STAT-P places you in touch with 
flexibility. Switch easily from automatic to 


semiautomatic to manual (and back again) at 
any point during the process. 

And when manual operation is preferred, 
STAT-P combines convenience with full pro- 


A~ Cess control. To meet your specific needs, in 


your particular situation. 
Its easy to put your finger on what 
Siy STAT-P so simple. 
Learning more is easy, too. Just dial the 
10 digits at the 
P ISh lley bottom of this ad. 
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A Pfizer Company @ 


Shiley Incorporated, 17600 Gillette Avenue, Irvine, California 92714-5751 USA, (714) 250-0500 (800) 854-3683, Telex: 68-5585, SHILEYING IRIN 

Shiley Europe, Staines House, 158-162 High Street, Staines TW 184AZ, England, Tel: (44) 784-61533. Telex: 919851 PFHPGS-G, Fax: (44) 784-65354 

Shiley Canada, 245 West Beaver Creek Road, Richmond Hill, Ontario, L4B 11.1, Canada, Tel: (416) 764-6800 (800) 263-5864, Telex: 06964655 SHILEYCDA TOR 
For detailed information describing intended use, warnings, preci tions, and contraindications. refer to the instructions provided with each device or contact the 


Shiley corporate office. STAT-P is a trademark of Shiley Incorporated. © 
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Brings you state-of-the-art developments in immunology 


Official Journal of the American Society of Histocompatibility and Immunogenetics 


Editor-in-Chief: D. Bernard Amos 
American Editor: Jeffrey R. Dawson 
Duke University Medical Center 
Durham, North Carolina 
European Editor: Jon J. van Rood 
Academisch Ziekenhuis 
Leiden, The Netherlands 


Internationally known and respected, Human Immunology is a lead- 
ing source of new information on the immune system of man and the 
analogous systems of other vertebrates, emphasizing topics in histo- 
compatibility and immunogenetics. 


With a standard of editorial excellence that’s made it one of the fastest- 
growing journals in immunology, Human Immunology brings you 
comprehensive coverage of: 

© Genetic regulation of immune responsiveness by genes of the major 


histocompatibility complex, as well as T-cells, B-cells, and accessory 


cells and their products 

© Applications to clinical processes and the pathogenesis of various 
diseases, including infectious metabolic and autoaggressive 
conditions 

© Reports from subdisciplines of immunology, including neuroim- 
munology, immunopharmacology, cellular immunology, immu- 
nogenetics, developmental and reproductive immunology 

e Technical and procedural advances, especially in cellular immu- 
nology and immunogenetics 





Presented by a respected, international editorial board — including sci- 
entists who first defined the fields of modern immunogenetics and his- 
tocompatibility — Human Immunology ranked 13th in impact 

factor out of 72 journals in its category in ISI®’s 1987 Science Citation 
Index® Journal Citation Report® Rapidly becoming one of the field's 
most consulted journals, Human Immunology was cited nearly 1,400 
times in 1987 alone. 


Enter your subscription to this widely acclaimed, internationally re- 
spected resource today — or recommend Human Immunology to 
your librarian. 
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1989 Subscription Information 

Volumes 24-26 (4 issues per volume), ISSN 0198-8859 
Personal Rate: $213.00* Institutional Rate: $381.00 

(Add $35.00 postage and handling for orders outside the USA.) 


Note: *Personal Rate must be paid with personal check or charge card. Sub- 
scriptions begin with the first issue of the calendar year and are entered upon 
receipt of payment. Please allow 4-6 weeks for delivery of your first issue. Sub- 
scription rates valid until December 31, 1989 

To order or to request free sample copies, please write to: Elsevier 
Science Publishing Co., Inc., Attn: A. Essen, P.O. Box 882, Madison 
Square Station, New York, New York 10159 


Elsevier X1AB 12/88 BIAES24A 








Splatter. Body flu- 
ids. Aerosols. Microorgan- 


the patient by trapping microorgan- 
isms in compact HEPA filters. 





isms. Each carries the potential 
for health threatening infection. 

You can go along worrying about 
these matters. 

Or you can take control by put- 
ting the new Freedom Mark II Sur- 
gical Helmet System” behind you. 

Mark III protects both you and 






Battery 
Motor/Blower Uni 


Dual blower units attach to a 
waist belt. One draws filtered air 
into the enclosed helmet; the sec- 
ond then exhausts filtered air out. 

Particles are filtered to .3 micron 
at 99.97% efficiency. Penetration is 
limited to only .03%. So air is bacte- 
riologically sterile. 


UPDATED: EXPANDED e e 
More valuable than ever. Cardiothorac 1c 


CBE Style Manual 


Turn to the standard reference for the biological sciences—the one style manual your Fellow 


colleagues have depended on for over 25 years, now in its fifth edition 


This best seller includes: | The Lankenau Hospital and Medical 
four new chapters on recent fevanpments na trends you need to know about Research Center are state-of-the-art 
— cog medical teaching and research facilities 
new conventions for special fields . . A 
© PLUS, tips to make your writing more concise; a checklist for reviewers; summary of nestled ina beautiful, yet convenient 
general style conventions; lists of frequently confused, misused and misspelled words suburban Philadelphia location. This past 
and more year we performed over 550 open heart 
CONTENTS: Ethical Conduct in Authorship and Publication © Planning the Communication e Writing the Article è Prose Style ; 
for Scientific Writing References e Illustrative Materials è Editorial Review of Manuscripts ® Application of Copyright Law surgeries. 


Manuscript into Print è Proof Correction» Indexing ¢ General Style Conventions è Style in Special Fields ¢ Abbreviations and 
Symbols ® Word Usage è Secondary Services for Literature Searching © Useful References with Annotations è Subject Index 


Currently, we have an opportunity on our 
ngs pag omen ihe dpe ou your aa staff for a Cardiothoracic Surgical Fellow. 
O! ath e el our Ci ogay . . 
eeehe iaga py E The ideal candidate should be board 

It's easy to order the CBE Style Manual. Just indicate the number of copies you want and eligible or certified in general surgery. 
multiply by the appropriate price. Mail your order today! Board eligible in thoracic surgery highly 
Please send me——— copies of the CBE Style Manual e . . . 
(ISBN: 0-914340-04-2; clothbound; 1983; 6” x 9”; 324 pages) desired. A Pennsylvania license is a must. 

@ $24.00 (regular price) Clinical Fellows are welcome to apply. 


$19.20 (CBE b é . 
@ iii ee Sioi | Along with top of the line technology 


Maryland residents, add 5% sales tax | and professional colleagues, the position 
TOTAL $ offers medical benefits, no city wage tax 
SATISFACTION GUARANTEED: CBE guarantees your satisfaction. If you are not deducted anda non-smoking environ- 
satisfied for any reason, return the book(s) in original condition within 30 days for credit ment. For further information, please 
(shipping and handling charges will be deducted) contact Dr. Scott M. Goldman, c/o, 





Name ; _ Personnel Department. 


Organization 


Snina o The Lankenau’ Hospital 


City, State, Zip Code : | A Main Line Health Hospital 


Country Phone Number L — ) _ Lancaster Avenue 
west of City Line 
TERMS: CBE member price is for a single copy paid by personal check or money order. All a Philadelphia, PA 19151 


orders must be prepaid in U.S. currency drawn on a U.S. bank. Price includes book-rate postage 


Add $3 per copy for UPS delivery within continental U.S. only. Make checks payable to Council of i An Equal Opportunity Employer 
Biology Editors, Inc. 
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The Risks Are Too High To Settle For Less” 


New! Presenting today’s best diagnostic methods and treatment 
options in pulmonary medicine 


Concise Textbook of 
Pulmonary Medicine 


Editor: Sheldon R. Braun, MD, Associate Professor of Medicine and 
Director, Division of Pulmonary, Critical Care, and Environmental 
Medicine, University of Missouri-Columbia School of Medicine, 
Columbia, Missouri 


Associate Editors: E. Dale Everett, MD, Professor of Medicine and Director, 
Division of Infectious Diseases; Michael C. Perry, MD, Professor and Chairman, 
Department of Medicine; E.V. Sunderrajan, MD, Associate Professor of Medicine, 
Division of Pulmonary, Critical Care, and Environmental Medicine; University of 
Missouri-Columbia School of Medicine, Columbia, Missouri 


With 35 contributors 


Both a comprehensive clinical reference and an up-to-date review, Concise Textbook 
of Pulmonary Medicine presents current diagnostic methods and treatment options 
in pulmonary medicine. 

For primary care physicians, anesthesiologists, respiratory therapists, students, and 
residents, this is a practical guide to the state-of-the-art of a rapidly expanding spe- 
cialty. 

Concise Textbook of Pulmonary Medicine offers in-depth discussions of disorders of 
the chest~including congestive heart failure, esophageal cancer, trauma, and immuno- 
compromisation—from initial evaluation, to therapy and critical care. 


You'll find Concise Texthook of Pulmonary Medicine to be an invaluable asset to your 
practice-helping you to make informed diagnoses and treatment referrals—as well as 
an excellent candidate for course adoption. 


The Concise Texthook of Pulmonary Medicine is: 

¢A comprehensive, thoroughly indexed clinical reference, covering diagnostic 
methods, to treatment options, to critical care 

s A well-referenced, up-to-date review, providing in-depth coverage of most major 
subject areas 

A timely presentation of the perspectives and experience of today's top clinicians 

s An illustrated text, including clinical photographs, charts and tables 

e A thoughtfully structured volume, easily adapted to most medical school curricula 

e An excellent study aid in preparation for today's certification exams 

Take a look at the table of contents at right. Then purchase this outstanding vol- 

ume from your local medical bookstore, or order directly from Elsevier on the 

attached order form. For even faster service, phone Elsevier Customer Service at 


(212) 633-3650. 


July 1989 672 pages Paper 0-444-01472-1 $54.00 


Purchase this book from your local medical bookstore, or order directly Please print. 


from Elsevier! 

Please send me 
copy(ies) of Concise Textbook of Pulmonary Medicine, Braun, 
0-444-01472-1 $54.00 


Enclosed is my: J personal check I bank draft 


Address 


Country —— 
Please charge to: O Visa O American Express 


O MasterCard (issuing bank #-———--_______- pus) 
CA ia el e e Be Expires N PR ao ae seas 
Signature ————_____--____ 


T Please bill me. (Postage and handling will be added to orders.) (212) 633-3650. 


Order This Valuable Clinical Reference Today! 


City/State ————— 
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Contents: General Principles-History and Physical 
Examination * Plain Film Roentgenologic Diagnosis 
* Pulmonary Function Tests + Exercise and the Lung 
æ Fiberoptic Bronchoscopy and Bronchoalveolar 
Lavage © Diseases of the Airways~Bronchial Asthma 
e Chronic Obstructive Pulmonary Disease * Cystic 
Fibrosis ¢ Bronchiolitis and Bronchiectasis * Upper 
Airway Obstruction ® Noninfectious Diseases of the 
Parenchyma~Granulomatous Disease ¢ Interstitial 
Lung Diseases * Infectious Diseases~Acute and 
Bacterial Pneumonia ¢ Pulmonary Fungal Infections 
* Viral, Mycoplasmal, and Atypical infections of the 
Lung ® Mycobacterial Infections of the Lung * Lung 
Abscess * Actinomycosis and Nocardiosis 

* Neoplastic Disease~Bronchial Adenomas and 
Benign Lung Tumors ¢ Mediastinal Tumors ® Non- 
Small-Cell Lung Cancer * Small-Cell Lung Cancer 
* Metastases to the Lung ¢ Benign and Malignant 
Pleural Mesothelioma * Cancer of the Esophagus 

s Pleural Disease—Diseases of the Pleura © Altered 
Control of Breathing-Control of Respiration in 
Health and Disease * Sleep Apnea * Respiratory 
Failure-Respiratory Failure: Classification, Causes, and 
Treatment © Mechanical Ventilation and Weaning 

e Cardiopulmonary Monitoring © Chest Trauma 

¢ Nurrition # Pulmonary Vascular Disease~Pulmonary 
Hypertension + Pulmonary Embolic Disease * Heart 
Failure * Other Diseases-Occupational Lung Disease 
ə Neuromuscular Disease @ Pulmonary Manifestation 
of Collagen Vascular Disease * Congenital Anomalies 
of the Lung * Alveolar Proteinosis * General 
Topics—Pre- and Postoperative Respiratory Care 

s Evaluating the Pulmonary Nodule * Hemoprysis 

e Immunocompromised Host © Drug-induced Lung 
Disease * Index 





Note: Book prices subject to change without notice. Elsevier pays postage and handling on pre- 
paid orders. New York State residents must add appropriate sales tax. 

Return to: Elsevier Science Publishing Co., Inc., Box 882, Madison 
Square Station, New Yerk, New York 10159, or order from your local 
bookstore. For even faster service, phone Elsevier Customer Service at 
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PATIENT CARE, INC. 


For further product information, call 800-526-2459. 


Please see following page for brief summary of prescribing information. 
“Trademark ©Johnson & Johnson Patient Care, Inc., 1988 
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THROMBOGEN* 
(THROMBIN, USP) (Bovine Origin) 


poe prescribing, please see full prescribing information. A Brief Summary 
follows: 

THROMBOGEN* must not be injected! Apply on the surface of bleeding tissue 
as a solution or powder. 


INDICATIONS AND USAGE: THROMBOGEN’ (Thrombin, USP) is indicated as 
an aid in hemostasis wherever oozing blood from capillaries and smali venules 
is accessible. 

in various types of surgery solutions of THROMBOGEN* may be used in 
conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 


CONTRAINDICATIONS: THROMBOGEN’ is contraindicated in persons known 
to be sensitive to any of its components and/or to material of bovine origin. 


WARNING: Because of its action in the clotting mechanism, THROMBOGEN* 
must not be injected or otherwise allowed to enter large blood vessels. Extensive 
intravascular clotting and even death may result. THROMBOGEN?’ is an anti- 
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EDITORIALS 


Should Surgical Support Within the Same 
Institution Be Required for Percutaneous 
Transluminal Coronary Angioplasty? 


Lawrence I. Bonchek, MD 


Department of Surgery, Lancaster General Hospital, Lancaster, Pennsylvania - 


( ; uidelines for percutaneous transluminal coronary ` 


angioplasty (PTCA) were recently reported by the 
American College of Cardiology/American Heart Associ- 
ation Task Force on Assessment of Diagnostic and Ther- 
apeutic Cardiovascular Procedures [1]. The need for sur- 
gical backup was summarized with the statement that “an 
experiericed cardiovascular surgical team should be avail: 
able within the institution for emergency surgery for all 
angioplasty procédures” [emphasis added]. Further, the 
report expressed the subcommittee’s strong feeling that 
“there should be no exception to this requirement . 
and .. . all arrangements requiring the transportation of 
patients to off-site surgical facilities for such emergency 
surgery fail to meet the necessary standards of care... . 
and cannot be condoned.” 

Although this stipulation seems attractive at first, its 
effects may not be entirely desirable. The. restriction is 
presumably intended to discourage angioplasty not only 

_ in free- -standing catheterization laboratories, but even in 
hospital-based catheterization laboratories, if those hospi- 
tals. do not have cardiac surgery programs. A more likely 
outcome, however, is the proliferation of cardiac surgery 
programs to support every hospital catheterization labo- 
ratory that does not wish to be excluded from the per- 
formance of angioplasty. According to the 1987 summary 
of facilities and services in the United States, there were at 

` least 1,234 cardiac catheterization laboratories (19.6% of 
6,281 hospitals reporting) and 793 open heart surgery 
facilities (12.6% of hospitals reporting) [2]. As it seems 
reasonable to assume that every hospital with open heart 
surgery capability also has a catheterization laboratory, 
there remain a minimum of 441 catheterization laborato- 
ries unsupported by open heart surgery, but with poten- 
tial interest in developing an open heart surgery pro- 
gram—if only to support PTCA: Proliferation of cardiac 
surgery programs will decrease the number of cases done 
in each existing program, and could lead to the undesir- 
able establishment of large numbers of programs that 
carry out an inadequate number of cases [3]. That this 
phenomenon is already occurring can be seen in the 
advertisements for heart surgeons placed in major cardi- 
ology and cardiac surgery journals, extolling the advan- 
tages of living in smaller communities and predictirig 
initial open heart siirgery caseloads of 100 to 150 cases per 
year. Additionally, these new low-volume programs will 
have the incentive to do rionessential operations to main- 
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tain their inadequate caseloads. The Task Force report will 


‘only accelerate this trend toward the establishment of 


cardiac surgery programs whose major purpose is the 
support and legitimization of PTCA programs. 

The presumption that it is unacceptable to perform 
PTCA in a hospital that lacks cardiac surgery can be 
debated. Interdiction of such a practice fails to take into 
account the realities of surgical standby as it is provided in 
busy, frontline, community hospitals, where so much 
cardiac surgery is done in the United States today. It is a 
fact that even when an operating room is “available” it is 
unlikely that a full cadre of operating room nurses and— 
more importantly—an anesthesiologist will be idly stand- 
ing by and instantly ready, even if there is an availablé 
cardiac surgeon. (Indéed, appropriate reimbursement for 
standby of a full, “combat-ready” team could become 
prohibitive [4].) 

Moreover, in large institutions, transportation of the 
patient from the catheterization laboratory to the operat- 
ing room (often on another floor) may consume 5 to 10 or 
mote minutes on ä stretcher. It is therefore particularly 
relevant that the Task Force’s requirement that cardiac 
surgery be available “within the institution” was elabo- 
rated by a footnote to include “those instances in which 
two adjacent hospitals are physically connected such that 
emergency transport by stretcher or gurney can be 
achieved rapidly and effectively” [IJ Presumably, it 
would therefore be acceptable to transport a patient on a 
stretcher down (or up) one elevator, through a connecting 
tunnel or elevated walkway, up (or down) another eleva- 
tor, all the while accompanied perhaps by a balloon pump 
console, several battery-operated intravenous transfusion 
regulators, and a ventilation support system. It strains 
credibility to suppose that compared with such a journey; 
a greater increment of risk is imposed by travel for 5 to 15 
minutes between hospitals that may be less than 2 miles 
apart in the controlled environment of a mobile interisive 
caré unit, with its supporting equipment and personnel. 

The interval required for the trip need not be a critical 
factor in the context of circumstances that usually sur- 
round ermiergency coronary bypass for PTCA failure. 
There is usually a considerable interval between the first 
suspicion that an angioplasty may have an adverse out- 
come and the final decision to proceed with operation 
after a vatiety of “bail-out’’ maneuvers have been tried. 
During this interval, final preparation of the operating 
room and assembly of personnel can take place, as it 
would in any institution. In my-own experience, a slightly-- 
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longer interval to revascularization has seemed much less 
important in determining the extent of myocardial injury 
after failed PTCA than has the presence or absence of 
residual patency in the offending coronary artery, because 
it is the residual coronary lumen that regulates perfusion 
of the jeopardized myocardium. Furthermore, if in-house 
surgical backup is provided on a “next room available” 
basis [5] (a practice tacitly condoned by the Task Force 
report), the delay before revascularization begins may be 
even longer than the time required for an ambulance ride 
to an operating room that is vacant and immediately 
available. 

It is therefore unfortunate that the Task Force left no 
opportunity for closely cooperating institutions to de- 
velop plans that would allow PTCA in one institution to 
be supported by a cardiac surgery program in another that 
is geographically separate but in close proximity. In con- 
trast, the German Society for Cardiology has recognized 
these realities in its policy statement about surgical 
backup for PTCA [6]. 


Elective balloon dilatations may only be performed after 
agreement with and temporary coordination with a cardiac 
surgical center . . ..as an acute occlusion of a coronary artery 
must be anticipated in a certain percentage of balloon dilata- 
tions. . . . The interval between the occurrence of irreversible 
coronary occlusion and operative revascularization should be 
as short as possible. This applies in particular to the time of 
transport and the route to the operative theater. During 
transport, the capacity to perform life-saving measures (re- 
suscitation, intubation, ventilation, treatment of shock) must 
be available. The necessary organizational measures must be 
agreed upon in advance. 


This policy statement carefully avoids rigid proscriptions, 
and permits some flexibility in developing cooperative 
arrangements, while emphasizing the importance of rapid 
revascularization. 

There are circumstances in the United States where 
hospitals are literally across the street from each other, but 
remain administratively and structurally separate. Must 
both institutions have cardiac surgery programs to sup- 
port separate catheterization laboratories? Is it realistic to 
expect a major institution to close its catheterization 
laboratory, with the inevitable loss of hospital prestige 
and revenue, as well as the loss of invasive cardiologists 
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who will move to the competing institution? Such an 
outward migration could also adversely affect the general 
quality of medical care at the institutions that are left 


_ behind. No competitive institution will be content with 


such a course. Instead, in the current climate of weak 
certificate-of-need regulations, another unneeded cardiac 
surgery program will be started. 

It is relevant to note that in 1982, when guidelines for 
PTCA were promulgated by the Executive Committee of 
the National Heart, Lung, and Blood Institute PTCA 
Registry [7], only the “immediate availability” of a surgi- 
cal team was recommended. Yet now, when PTCA com- 
plication rates for comparable cases are lower than they 
were in 1982, and fewer than 5% of patients require an 
emergency operation for failed PTCA, in-house surgical 
backup is being mandated. 

It is not far-fetched to suggest that the proliferation of 
low volume (and, by inference, higher mortality) cardiac 
surgery programs whose primary purpose is to legitimize 
their associated PTCA laboratories will cause the loss of 
more myocardium (and perhaps even lives) than will be 
saved by the new requirement for surgical support within 
the same institution. 
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The Olden Days of Surgery for Tuberculosis 


Melvin M. Newman, MD 
CIGNA Health Plans of California, Los Angeles, California 


hose people who talk about “the good old days” 
either were not there or have very imperfect memo- 
ries. Three generations ago, tuberculosis was the seventh 
leading cause of death in the United States and a leading 
cause of death in the age group of 15 to 44 years [1]. Many 
of us were introduced to thoracic surgery through ill- 
nesses that are relatively uncommon today: bronchiecta- 
sis, lung abscess, and tuberculosis. 

If we go back in history, surgeons have been involved 
in the treatment of tuberculosis for a hundred years, even 
before the invention of the roentgenograph in 1895 [2]. In 
1891, Tuffier did a successful wedge resection of the apex 
of an upper lobe. John B. Murphy, “the Stormy Petrel of 
Chicago Surgery,” introduced artificial pneumothorax to 
the United States only 4 years after Carlo Forlanini pub- 
lished his first series from Pavia. Collapse therapy by 
thoracoplasty was the preferred surgical treatment for 
patients who failed to respond to rest and artificial pneu- 
mothorax, from the turn of the century until after World 
War II. In the days before streptomycin (1945), parami- 
nosalicylic acid (1946), and isoniazide (1951), lobectomy 
and pneumonectomy were reserved for desperate situa- 
tions— “salvage patients.” The risk of resection was high; 
in four major series published in 1946 through 1947, the 
average mortality was 28%. The leading causes of death 
were bronchopleural fistula with consequent empyema 
and exacerbation and spread of tuberculosis [2]. 

The picture changed dramatically after introduction of 
effective antibiotic treatment of pulmonary tuberculosis. 
Our team at the St. Albans, NY, Naval Hospital per- 
formed 150 consecutive segmental resections and lobecto- 
mies from 1952 to 1954 with no deaths; this was a very 
favorable group of young men and women who hap- 
pened to have tuberculosis. In 1956, John Steele could 
report 1,554 cases of segmental resections done in Veter- 
ans Administrations hospitals with 1% mortality [3]. A 
series of 30 consecutive pneumonectomies done between 
1959 and 1968 at the National Jewish Hospital in Denver 
resulted in 1 postoperative death (in a chronically psy- 
chotic, intractable patient). 

The report in this issue by Reed, Parker, and Crawford 
[4] of resections in 24 patients with no deaths is an 
excellent example of what can be accomplished by skilled 
surgeons treating relatively poor risk patients. Their indi- 
cations for resection were severe bleeding in 14 patients, 
drug-resistant tubercle bacilli or atypical mycobacteria in 
5, possible neoplasm in 3, bronchiectasis in 2. 

It is interesting to hark back to 1957, to indications for 
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resection at the University of Michigan, as given by Sloan 
and Milnes [5]: 


1. Open cavity after 3 to 6 months of adequate antitu- 
berculosis drug therapy, with or without positive 
sputum. 

2. Residual caseous nodules (“necrotic residuals”) more 

than 2 cm in diameter. 

. “Unanticipated slow resolution of disease under pre- 

sumed adequate antimicrobial therapy.” 

. Diffuse nodular disease. 

. Chronic fibroid disease with positive sputum. 

. Atelectasis of a segment or a lobe. 

. Bronchial stenosis with distal disease. 

. Bronchiectasis with positive sputum or symptoms. 

. Destroyed pulmonary segment, lobe, or lung. 

. Failed thoracoplasty. 

. Suspected neoplasm. 
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Today, we know more about the natural history of 
tuberculosis after effective antibiotic therapy. We nc 
longer operate on patients for asymptomatic shadows. 
Contrary to our older notions, the open-healed cavity is 
no longer considered a threat, unless a fungus ball devel- 
ops. Asymptomatic bronchiectasis or scarred lung tissue 
need not be resected unless the patient develops bleeding 
or repeated episodes of pneumonitis. A bronchopleural 
fistula with chronic empyema may be benefited by a 
pleuropneumonectomy. However, even in such situa- 
tions one can often control the problem with an Eloesser 
flap for chronic open drainage, and later the space can be 
obliterated with a pedicled muscle graft. Unfortunately, 
most of the serious problems we see today are in patients 
who have relapsed after one or more courses of antimi- 
crobial therapy. 

One of my teachers, George Gomori, once said: “Ev- 
eryone would like Nature to be black and white with 
sharp outlines, but frequently Nature is gray with fuzzy 
borders.” There are still some gray, fuzzy areas in the 
surgical treatment of pulmonary tuberculosis: (1) Can we 
improve the balance between the patient's immune sys- 
tem and his or her infection by “debulking” the disease? 
I think this may be true for Mycobacterium kansasii or 
Mycobacterium avium-intracellulare and for the patient with 
relapse-retreatment Mycobacterium tuberculosis, where we 
have limited antibiotic efficacy. (2) How far should we risk 
pulmonary insufficiency or crippling in the elderly, “good 
chronic” patient who has no serious symptoms and only 
an occasional weakly positive sputum culture? My goal is 
maximizing comfort and longevity without stamping out 
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every last mycobacterium. (3) Is there still a group of 
patients with limited pulmonary function for whom a 
lesser operation, like plombage, might be more appropri- 
ate? 

Antibiotics are the primary weapons against infections, 
including tuberculosis. Reed, Parker, and Crawford have 
focused our attention on an important group of patients 
who have sericus mechanical problems that persist after 
antimicrobial treatment. Probably fewer than 5% of pa- 
tients will have such life-threatening problems after mod- 
ern antimicrobial therapy for 9 to 12 months, and it is in 
this select group that pulmonary resection can make a 
safe, effective contribution. 
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Hazards of Transthoracic Needle Biopsy 


of the Lung 


Glen A. Lillington, MD 


Division of Pulmonary-Critical Care Medicine, Department of Internal Medicine, University of California, Davis, Sacramento, 


California 


De the widespread employment of transthoracic 
needle aspiration biopsy of the lung, thoracic sur- 
geons and pulmonologists remain concerned about the 
frequency and degree of seriousness of the various com- 
plications of this valuable diagnostic tool. Pneumothorax 
occurs in 25% of biopsies, but this is easily recognized and 
managed. The mortality of the procedure is probably less 
than 0.1%, with no deaths at all reported in most series, 
large or small. Lalli and associates [1] reported two deaths 
in 1,296 biopsies, one of which was a suicide! Deaths are 
usually due to air embolism, either venous or arterial [2]. 
Undoubtedly there have been unreported deaths. 

Implantation of tumor along the needle track is ex- 
tremely rare with the use of the standard thin needles. 
The report by Seyfer and colleagues [3] in this issue is the 
fourth well-documented case [4-6] of needle track implan- 
tation in the lung or chest wall after thin-needle biopsy. 
Even if we assume that there are probably some unre- 
ported cases, the frequency of this complication is clearly 
very low. 

Animal experiments cited by Seyfer and associates 
show a high incidence of malignant cells in the needle 
track after biopsy. Why then is the appearance of postbi- 
opsy chest wall metastases so rare in humans? A partial 
explanation may lie in the fact that, in the past, the 
majority of needle aspirations for malignant tumors were 
carried out to confirm the diagnosis in cases that were 
clearly inoperable. Many of these patients were then 
given radiation therapy, which probably sterilized micro- 
scopic implants, and others with advanced disease pre- 
sumably died of systemic tumor metastases before tumor 
implants from the needle biopsy had time to become 
clinically apparent. In most cases, it would appear that the 
tumor cells in the needle track fail to form metastatic 
deposits. 

Such hazards, although real, must be considered in the 
context of the advantages of performing the biopsy. As 
many solitary nodules are benign, needle biopsy offers a 
reasonable chance of establishing benignity so that exp:or- 
atory thoracotomy, with its small but definite mortality, 
may be obviated. These competing risks can be compared 
more accurately by including the likelihood of benignity 
and the ability of the needle biopsy to reliably define 
benign lesions in the decision process. 

In an analysis of the optimal management of solitary 
pulmonary nodules [7], the strategy of immediate thora- 
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cotomy was compared with the strategy of initial needle 
biopsy, expressed in terms of average years of life expect- 
ancy. Immediate thoracotomy for solitary uncalcified pul- 
monary nodules of unknown stability conferred a slightly 
greater average life expectancy than the biopsy strategy if 
the projected probability that the nodule was malignant 
was greater than 70%, whereas the strategy of initial 
needle biopsy was marginally preferable to immediate 
thoracotomy if the probability that the nodule was malig- 
nant was less than 70%. The clinical variables employed in 
the calculation of the probability of malignancy in a 
nodule included the age of the patient, the smoking 
history, and nodule diameter [8]. 

As would be expected, the advantage for needle biopsy 
as the preliminary procedure becomes somewhat greater 
if the predicted surgical mortality for exploratory thora- 
cotomy is unduly high. With “standard” mortality rates 
(4% for resection of malignant nodules, 0.5% for removal 
of benign nodules), the differences in outcome, in terms 
of average life expectancy, between the needle biopsy and 
thoracotomy strategies are relatively miniscule over a 
wide range of values for the probability of malignancy. 

In such situations, the desires of the patient may 
properly become paramount in management decisions. 
Some patients are “risk-averse” and prefer to avoid tho- 
racotomy unless a diagnosis of malignancy has been 
established; needle aspiration as the initial procedure 
would usually be chosen in this circumstance. Con- 
versely, patients who prefer to get the problem settled 
definitively and expeditiously would undoubtedly choose 
exploratory thoracotomy as the initial investigative proce- 
dure. As the two strategies are approximately equal in 
terms of average life expectancy, either choice is reason- 
able and appropriate. 

I have recalculated the expected values for the needle 
biopsy strategy after modifying the decision tree to allow 
for the possibility of chest wall metastasis by needle track 
implantation, assuming an incidence of one such event in 
each thousand biopsies and a life expectancy after biopsy 
of only 1 year if implantation occurred. The average life 
expectancy of the needle biopsy strategy dropped, but 
only by a trivial amount. This is supportive of the clinical 
perception that tumor implantation after needle biopsy of 
the lung is a remote eventuality that need not carry major 
weight in the decision process. 
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Surgical Resection for Complications of 


Pulmonary Tuberculosis 
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From 1975 through 1984, 24 patients at the Medical 
University of South Carolina underwent surgical resec- 
tion for complications of pulmonary tuberculosis. The 
complications fell into three major categories: persistent 
or drug-resistant disease, bronchiectasis, and hemopty- 
sis. The major indications for surgical intervention in- 
cluded hemoptysis (14 patients), drug resistance (5), 


he history of thoracic surgery mirrors the history of 
tuberculosis, and for many surgeons, this disease 
and its complexities served as the training ground for the 
development of surgical skills. Today, the young thoracic 
surgeon can complete training with little exposure to this 
disease and little experience with surgical intervention. 
However, despite the success of chemotherapeutic agents 
in the management of pulmonary tuberculosis, complica- 
tions of this disease will continue to present a challenge to 
the thoracic surgeon, especially in pockets of rural Amer- 
ica and inner cities. A recent 10-year period was reviewed 
to assess the role and outcome of surgical resection for 
complications of pulmonary tuberculosis. 


Material and Methods 


The reports of the thoracic surgery service at the Medical 
University of South Carolina, Charleston, SC, were re- 
viewed from 1975 through 1984. All patients undergoing 
pulmonary resection resulting from complications of tu- 
berculosis were recorded and their charts and roentgeno- 
grams reviewed. Follow-up was obtained through review 
of clinic visits, written correspondence, and telephone 
calls. The patient population managed by the thoracic 
surgery service includes the Medical University Hospital, 
the Charleston Veterans Administration Hospital, and the 
Charleston County Memorial Hospital. 

During the 10-year period, 24 patients underwent pul- 
monary resection for complications of tuberculosis. There 
were 22 men and 2 women (a ratio of 11:1). Mean age at 
the time of initial diagnosis of tuberculosis was 44.5 years 
(range, 20 to 60 years). Mean age at the time of surgical 
resection for complications was 54.5 years (range, 23 to 67 
years). 

Eighty-three percent of the patients were smokers; 14 
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possible neoplasm (3), and bronchiectasis (2). Impaired 
pulmonary function was common. Surgical therapy gen- 
erally necessitated lobectomy, sometimes resulted in 
substantial blood loss, and had a total major and minor 
complication rate of 46%. Despite these problems, the 
long-term prognosis after successful resection is good. 
(Ann Thorac Surg 1989;48:165~7) 


(58%) of the 24 patients were considered heavy smokers, 
defined as smoking one or more packs per day or 50 
pack-years or more. The most common associated disease 
was alcohol abuse (15 patients). Other associated condi- 
tions included hypertension (2 patients), diabetes mellitus 
(2 patients), and chronic renal insufficiency (1 patient). 

Twenty-one patients had a past history of Mycobacte- 
rium tuberculosis infection. Three patients (12.5%) were 
infected with atypical organisms: Mycobacterium avium 
intracellulare (2) and Mycobacterium gordonae (1). 

Drug therapy was considered appropriate in all patients 
except 3 with documented noncompliance. These 3 pa- 
tients had M tuberculosis infection. Two of them were 
placed on a regimen of triple-drug therapy, but compli- 
ance was very questionable according to clinical records. 
The third patient, a migrant Hispanic, had been treated 
with unknown antituberculosis drugs for 6 months in a 
Mexican hospital. The remainder of the patients with M 
tuberculosis infection were treated for a minimum of 1.5 
years except for 2 who received isoniazid (INH) for 1 year 
and 1 who received multidrug therapy for 6 months prior 
to the decision to intervene surgically. Five patients had 
single-drug treatment with INH. The 3 patients with 
atypical organisms had been treated with multiple drugs 
for more than 1.5 years secondary to documented drug 
resistance. Two patients with M tuberculosis infection had 
undergone previous drug treatment in sanatoriums and 
prior surgical resections more than 20 years before recur- 
rence developed in the same lung field and led to com- 
plications. 

There were 36 complications among the 24 patients, 12 
patients having two complications. The complications fell 
into three major categories: (1) persistent or drug-resistant 
disease, 8 patients (33%); (2) bronchiectasis (verified in all 
instances by bronchograms), 12 patients (50%); and (3) 
hemoptysis, 16 patients (67%). 

The most common complication requiring surgical in- 
tervention was hemoptysis (14 patients, 58%). It was 
considered massive, more than 500 mL per episode, in 6 
patients. Bronchiectasis was thought to. be a contributing 
factor in 7 of these patients. Chest roentgenograms 
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showed cavitation in 11. Aspergilloma was eventually 
confirmed in 8 patients with hemoptysis.. 

Drug resistance constituted the reason for operative 
intervention in 5 patients (21%) including the 3 with 
atypical organisms. The possibility of neoplasm resulted 


in three resections (12.5%). Bronchiectasis, although com- , 


mon, was the primary indication for operation in only 2 
patients (8%). 

Preoperative cultures were positive for tuberculosis in 7 
patients, including all patients showing drug resistance. 
Three patients had cultures positive for aspergillosis. 
Eightéen patients were on a regimen of preoperative 
antituberculosis chemotherapy at the time of operation, 


and 2 patients with positive cultures for aspergillosis were ` 


placed on a regimen of amphotericin B preoperatively. 
Three patients who were seen with hemoptysis and 1 
patient in whom a neoplasm was suspected were not 
given preoperative antituberculosis therapy. The 2 pa- 
tients with M avium intracellulare infection were main- 
tained on INH, ritampin, and ethambutol hydrochloride; 
no second-line drugs were added. The 2 patients with 
resistant M tuberculosis infection and the patient with M 
gordonae were on four-drug and three-drug regimens, 
respectively, for 4 to 6 weeks prior to operation. Second- 
line drugs were included in these regimens. Except for 2 
patients who received two preoperative doses of strepto- 
mycin A, the remaining patients were on a preoperative 
regimen that included INH combined with ethambutol or 
rifampin fot a period ranging from two days to 6 months. 

All but 3 patients had preoperative pulmonary function 
tests. The forced expiratory volume in 1 second was less 
than or equal to 50% of predicted in half öf the tested 
patients. Only 3 patients had forced expiratory volume in 
1 second greater than 75% of predicted. 


Results 


Surgical resection consisted of lobectomy in 13 patients, 
lobectomy with or without segmentectomy in 4; bilobec- 
tomy with or without ségmentectomy in 2, completion 
pneumonectomy or pneumonectomy in 3, dnd resection 
of less than a Icbe in 2. Thoracotomies were performed 
through standard posterolateral incisions. A double- 
lumen endobronchial tube was not used routinely, al- 
though it or an endobronchial blocker was employed 
occasionally when a patient had experienced active he- 
moptysis 24 hours before operation. 

There were no intraoperative complications due to 
anesthesia. Estimated blood loss ranged from 300 to 4,000 
mL (median loss, 1,150 mL). Although the operative 
reports often mentioned extensive adhesions and the 
necessity for tedicus dissection, only two major intraop- 
erative complications were documented. In 1 patient, the 
right pulmonary artery was lacerated and successfully 
repaired during a right upper lobectomy. In another 
patient, the pleural cavity and pulmonary fissures were 
totally obliterated, and attempted dissection resulted in 
parenchymal injury. Wedge resection of the lung apex 
was performed with a stapling device, as the patient could 
not tolerate a pneumonectomy. 

Pathological specimens yielded seven cultures positive 
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Table 1. Postoperative Complications 
No. of 
Complication Patients* Operation 
Major 
Bronchopleural fistula 1 Wedge resection 
Empyema Lobectomy 
Pneumonia Completion 
pneumonectomy 
Total 4 (16.7) 
Minor 
Pleural effusion 1 Lobectomy 
Superficial wound infection 2 Lobectomy 
Atelectasis 3 Lobectomy 
Mental confusion 1 Lobectomy 
Total 7 (29.2) 





* Numbers in parentheses are percentages. 


for tuberculosis, eight positive for aspergillosis, and 1 
specimen positive for both. All patients with drug- 
resistant tuberculosis had positive cultures. One patient 
with localized M avium intracellulare infection was not 
placed on any postoperative drug therapy. The other 6 
patients with pathological specimens. yielding positive 
cultures remained on a three-drug or four-drug regimen 
for a minimum of 1 year. Eleven patients with postoper- 
ative cultures negative for tuberculosis were discharged 
on a regimen of INH alone or in combination with 
ethambutol or rifampin for a period of 6 weeks to 1 year. 
The 6 other patients with negative cultures were dis- 
charged without medications. 

There were no postoperative deaths. Four major post- 
operative complications (17%) and seven minor compli- 
cations (29%) occurred (Table 1). Major complications 
included bronchopleural fistula, empyema, and pneumo- 
nia. Half of them occurred in patients undergoing wedge 
resection or pneumonéctomy. The rate of major compli- 
cations for pa undergoing lobectomy was 10.5% 
(2/19). 

Time from apelio to discharge ranged from eight to 
75 days (median time, 12.5 days). Three patients were lost — 
to follow-up. Two patients had reactivation of disease in 
the opposite lung field. They were successfully treated 
medically, and follow-up sputum cultures were negative. 
The remaining 18 patients had no further pulmonary 
complaints from’2 to 12.5 years postoperatively (median 
follow-up, 5 years). Two patients have died of unrelated 
causes at 2 years and 11.5 years. 


Comment 

Indications for current surgical treatment of pulmonary 
tuberculosis were outlined by McLaughlin and Hankins 
[1] in 1974. Surgical criteria included (1) active localized 
disease unresponsive to chemotherapy, ie, persistent dis- 
ease; (2) residual foci of disease prophylactically removed 
for various sociological and psychological factors; (3) the 
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possibility of neoplasm; (4) various complications of tu- 
berculosis, including empyema, bronchopleural fistula, 
and massive hemorrhage; and (5) management of compli- 
cations after resection. i 

An absolute indication for surgical intervention is the 
presence of localized disease and sputum cultures that 
continue positive after adequate chemotherapy, a com- 
bined finding most often representing atypical mycobac- 
terial disease. Many authors [2-5] have addressed the 
success of surgical management of atypical tuberculosis. 
Operative deaths are infrequent; there have been none in 
recent series. Total complication rates have been high 
(28.5% ‘to 37.7%), but the incidence of major complica- 
tions ranges from 0% to 14.2% [2-5]. In a 1983 report of 
resection for Mycobacterium intracellulare infection [5], only 
minor complications were encountered with no instances 
of bronchopleural fistula, wound infection, operative 
spread, or reexploration for bleeding. The rate of success- 
ful outcome is high (79%) in this category of persistent 
disease. 

Persistent cavity as an isolated indication for surgical 
intervention has been mentioned in several reports [6, 7}, 
but correlation with hemoptysis is lacking. It is well 
known that open-healed cavities can serve as the locus for 
mycetomas caused by predominantly Aspergillus. Such 
patients frequently are seen because of recurring and 
often severe bouts of hemoptysis [8, 9]. 

In our series, persistent hemoptysis was the primary 
indication for operation in more than half of the patients. 
The association with Aspergillus was particularly striking. 
There is suggestion that the diagnosis of an aspergilloma 
in a patient with tuberculosis is associated with a poor 
prognosis [8]. If a patient is seen with recurrent or 
progressive bleeding and has localized disease, we favor 
resection. This may have a favorable impact on short-term 
survival [8, 9]. í 

Our series may well represent the typical patient the 
surgeon can expect to treat, whether in the inner city or 
rural America. The patient is often of poor socioeconomic 
status and in poor nutritional state. He or she is often a 
heavy smoker, and impaired pulmonary function is com- 
mon. Indeed, Moran and associates [5] mentioned that 
only 30% to 40% of patients with M intracellulare infection 
were candidates for resection in part because of marginal 
pulmonary function. In our series, the forced expiratory 
volume in 1 second, used as a measure of major obstruc- 
tive airway disease, was marginal in half of the tested 
patients. The incidence of alcoholism is high among 
patients with pulmonary tuberculosis. 

_ We consider this population at increased risk for surgi- 
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cal complications. An early aggressive approach should 
be taken with patients seen with a persistent cavity and 
early hemoptysis. Attention to nutritional status may 
decrease the complication rate, and vigorous postopera- 
tive pulmonary care, including bronchoscopy, is of para- 
mount importance. We favor the routine use of the 
double-lumen endotracheal tube, and consider it manda- 
tory in cases of cavitary disease and hemoptysis. The 
major complication rate of 10.5% for lobectomy is not 
excessive considering this population of patients and in 
light of other reported series. The resection should be 
limited to lobectomy if possible. 

In summary, in our series of surgical resection for 
complications of pulmonary tuberculosis, the indications 
for operation included hemoptysis, drug resistance, pos- 
sible neoplasm, and bronchiectasis. The surgical therapy 
generally necessitated a lobectomy, at times resulted in 
substantial blood loss, and had a total complication rate of 
46% (major complications, 16.7%). Despite the various 
problems, postoperative stay was not excessive and long- 
term prognosis after successful resection was good. It is 
anticipated that complications of pulmonary tuberculosis 
will continue to represent a challenge to the practicing 
thoracic surgeon. 
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We conducted a retrospective analysis of 182 adult ortho- 
topic heart transplant patients who underwent opera- 
tions at our institution between July 1982 and October 
1987 to determine whether prior cardiac operation affects 
survival. Group I included the 72 patients (39.6%) who 
had undergone a previous cardiac operation or opera- 
tions and group II, the 110 (60.4%) who had not. The 
mean age of the patients in group I was 52.1 + 8.1 years 
and in group II, 46.1 + 10.2 years (p < 0.01). The 
incidence of ischemic heart disease was 86.1% in group I 
and 29.1% in group II (p < 0.01). AIl patients received 


AM a result of improvements in heart transplantation, 
several groups of patients with end-stage cardiac 
disease are now considered appropriate candidates for 
this operation even though they are potentially at high 
risk [1-3]. One such group comprises patients with a 
history of prior cardiac operation who are believed to be at 
risk because they are generally older, and the cardiac 
transplant operation is theoretically more technically chal- 
lenging because of previous median sternotomy [4-9]. 
This report details our extensive experience with this 
challenging group of heart transplant recipients and iden- 
tifies their unique problems. Based on the findings of our 
retrospective review, we believe that these patients can 
benefit from transplantation as much as any other group 
of recipients. 


Material and Methods 


Between July 1982 and October 1987, we performed 209 
heart transplantations with the recipients maintained on 
cyclosporine-based immunosuppression protocols. Of 
these recipients, 182 were adults who received an ortho- 
topic heart transplant and who did not require mechanical 
circulatory support, other than an intraaortic balloon 
pump, either preoperatively or postoperatively. A retro- 
spective analysis demonstrated that 72 (39.6%) had un- 
dergone prior cardiac operation (group I) and 110 (60.4%) 
had not (group II). Of the 72 patients in group I, 51 
(70.8%) had undergone only one previous operation, 
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cyclosporine-based immunosuppression. More patients 
in group I than in group II required reoperation for 
bleeding after transplantation: 18 (25.0%) versus 9 (8.2%) 
(p < 0.01). The actuarial 1-year and 3-year survival rates 
were 77.6% and 66.5%, respectively, for group I and 
77.1% and 66.3%, respectively, for group II. Because 
both groups had similar survival rates, we believe that 
prior cardiac operation in heart transplant recipients does 
not compromise long-term survival. 


(Ann Thorac Surg 1989;48:168-72) 


whereas 19 patients (26.4%) had had two operations, and 
2 patients (2.8%) had had three.. The follow-up was 
similar for both groups (21.6 + 16.4 months versus 22.3 + 
15.5 months, respectively). 

Both groups comprised mostly men: 93.1% in group I 
and 82.7% in group II (p < 0.05). The mean age of patients 
in group I was 52.1 + 8.1 years and in group II, 46.1 + 
10.2 years (p < 0.01). 

Ischemic heart disease was the primary cause of cardiac 
dysfunction in group I (86.1%), whereas idiopathic car- 
diomyopathy was predominant in group II (66.4%) (Table 
1). Of the patients in group I, 39 (54.2%) were on a 
regimen of antiplatelet medications before transplantation 
and 33 (45.8%) were not. The hemodynamic conditions of 
the patients were similar before transplantation, 52 
(72.2%) in group I and 82 (74.5%) in group I were in 
stable condition. Eleven (15.3%) patients from group ĮI and 


Table 1. Causes of Cardiac Disease 


Group I Group H 

Cause (n = 72) (n = 110) 

Ischemic? 62 (86.1) 32 (29.1) 

Nonischemic? 10 (13.9) 78 (70.9) 
Idiopathic 0 73 
Valvular 7 0 
Viral 0 3 
Congenital 3 0 
Familial 0 1 
Chagas’ disease 0 1 


* Numbers in parentheses are percentages. > Significance: p < 0.01 


between the two groups. 
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Table 2. Maintenance Immunosuppression" 


Immunosuppression 

Protocol Group I Group II 
Double drug? 42 (58.3) 68 (61.8) 
Triple drug® 19 (26.4) 25 (22.7) 
Other? 11 (15.3) 17 (15.5) 





a Numbers in parentheses are percentages. ° Significance: p = not 


significant between the two groups. 


19 (17.3%) from group II required pharmacological pres- 
sor support, and 9 from each group (12.5% and 8.2%, 
respectively) required intraaortic-balloon pump support. 
All patients in group I had received heterologous blood 
transfusions, whereas only 10.8% of group II patients 
had. 

The pretransplantation incidence of renal impairment 
(serum creatinine level = 2.0 mg/dL) was lower in group 
I (6.6%) than in group II (10.9%) (not significant [NS]). 
The pretransplantation incidence of liver impairment 
(total bilirubin = 2.0 mg/dL) was also lower in group I 
(12.5%) than in group II (19.1%) (NS). 

Maintenance immunosuppression protocols (Table 2) 
included cyclosporin A (14 mg/kg/day) and steroids. El- 
derly patients (age = 55 years) and those with evidence of 
impaired renal function (creatinine clearance = 55 mL/min 
or serum creatinine level = 1.5 mg/dL) were maintained 
on triple-drug immunosuppression therapy consisting of 
cyclosporin A (10 mg/kg/day), steroids, and azathioprine 
(1 mg/kg/day). Rejection episodes were monitored by 
examining serial endomyocardial biopsy samples; the 
severity of rejection was assessed on a scale of 1 through 
10 according to the scale of McAllister and associates [10] 
in which a grade of 5 or 6 denotes moderate rejection and 
grade 7 and higher, advanced rejection. 
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Fig 1. Length of cardiac transplant operation for groups I and Il. 


Statistical analyses were performed using the unpaired 
Student's t test, y analysis, and the Mantel-Haenszel test 
for life-table analysis. 


Results 


The duration of the entire operation, as well as cardiopul- 
monary bypass and aortic cross-clamp times, was signif- 
icantly longer for group I patients (p < 0.01) (Figs 1, 2), 11 
(15.3%) of whom underwent femorofemoral cannulation. 
The incidence of reoperation for bleeding was signifi- 
cantly higher in group I than in group II (18 [25.0%] 


Fig 2. Length of cardiopulmonary bypass 
(CPB) and aortic cross-clamping during the 
cardiac transplant operation for groups I and 
H. 
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Table 3. Advanced Rejection Episodes*” 


No. of Rejection 


Episodes Group I Group II 
0 37 (51.4) 61 (55.5) 
1 33 (45.8) 33 (30.0) 
=2¢ 2 (2.8) 16 (14.5) 


* This means an encomyocardial biopsy score of 7 or greater. > Num- 
bers in parentheses are percentages. € Significance: p < 0.05 between 
the two groups. 


versus 9 [8.2%]; p < 0.01), but there was no significant 
difference in the incidence of mediastinitis (5.6% versus 
4.5%, respectively), ie, positive deep wound cultures 
associated with wound drainage and sternal instability 
necessitating operative repair. 

The posttransplantation incidence of renal dysfunction 
increased transiently in both groups (51.4% versus 57.3%, 
group I versus group II), but peak creatinine levels within 
30 days after transplantation were similar (2.4 + 1.2 
mg/dL versus 2.5 + 1.2 mg/dL, respectively; NS). After 
transplantation, the incidence of liver impairment in- 
creased more in group I than in group I (80% versus 
75.7%; NS). Peak total bilirubin levels after transplanta- 
tion were similar in both groups (4.9 + 4.2 mg/dL versus 
4.7 + 5.1 mg/dL, group I versus group II; NS). 

Maintenance immunotherapy was similar between the 
two groups (see Table 2), as were the median serum 
cyclosporine trough levels at 1 and 2 weeks after trans- 
plantation. At 1 week, the levels were 262 + 165 ng/mL for 
group I and 266 + 148 ng/mL for group Ii (NS), and at 2 
weeks they were 317 + 180 ng/mL and 356 + 166 ng/mL 
(NS), respectively. The incidence of advanced allograft 
rejection (endomyocardial biopsy score = 7) was similar in 
both groups (0.5 + 0.6 versus 0.7 + 0.9, group I versus 
group II); however, 14.5% of group II patients had two or 
more advanced rejection episodes compared with 2.8% of 
group I patients (p < 0.05) (Table 3). 

There was no significant difference in early mortality (30 
days) between the groups (8.3% versus 4.6%, group I 
versus group II). Moreover, early mortality was similar for 
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Table 4. Causes of Death" 
Cause Group I Group II 
Rejection 2 (9.5) 7 (20.0) 
Graft atherosclerosis 4 (19.0) 9 (25.7) 
Infection? 11 (52.4) 9 (25.7) 
Multisystem failure 4 (19.0) 4 (11.4) 
Other 0 (0) 6 (17.1) 
Total 21 (29.2) 35 (31.8) 


* Numbers in parentheses are percentages. > Significance: p < 0.05 


between the two groups. 


group I patients who had had one prior sternotomy 
compared with those who had had two or more (9.1% 
versus 7.8%, respectively). The percentage of deaths 
resulting from rejection was slightly lower in group I, but 
there was no significant difference between the groups in 
regard to deaths resulting from graft atherosclerosis 
(Table 4). The incidence of deaths caused by infection was 
higher in group I than in group II (p < 0.05). 

The actuarial 1-year, 2-year, and 3-year survival rates 
were 77.6%, 69.5%, and 66.5%, respectively, for group I 
and 77.1%, 71.5%, and 66.3%, respectively, for group II 
(Fig 3). In addition, there was no significant difference in 
the actuarial 1-year and 2-year survival rates between 
group I patients with one prior cardiac procedure (76.2% 
and 68.1%, respectively) versus those with multiple prior 
cardiac operations (80.1% and 71.4%, respectively) (Fig 4). 


Comment 


Cardiac transplantation remains an accepted therapy for 
end-stage cardiac disease resulting from both ischemic 
and nonischemic causes. In 1987, 1,436 heart transplanta- 
tions were performed in the United States at 109 centers 
[11]. Because the present donor supply is limited and, 
thus, is a primary determinant of the future of heart 
transplantation, analyzing the risk factors associated with 
morbidity and mortality is helpful in identifying patients 
most likely to benefit from the procedure [12]. One such 
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Fig 4. Comparison of actuarial survival rates of group I patients 
based on the number of previous cardiac operations. 


risk factor is a history of prior cardiac operation. Because 
group I patients were older and the primary cause of their 
end-stage cardiac disease was ischemic cardiomyopathy 
that had required previous surgical treatment, and, there- 
fore, repeat median sternotomy at transplantation, we 
thought that these patients might not fare as well as 
others [1-9]. 

Despite similar postoperative survival rates for groups I 
and II, perioperative morbidity, notably reoperation for 
bleeding, was more prevalent in group I. In most patients, 
a specific bleeding site resulting from a technical fault 
could not be identified. The preoperative ingestion of 
antiplatelet medications appears to be a significant factor 
in this issue. Of the 18 patients in group I requiring 
exploration for bleeding, 15 (83.3%) had been on a regi- 
men of antiplatelet medication. However, of the 64 pa- 
tients in group I who did not require reexploration, only 
28 (43.8%) had been taking aspirin preoperatively (p < 
0.01). 

Although the overall survival rates were the same in 
these two subsets of group I patients, the data concur 
with those in other reports demonstrating the adverse 
effect of antiplatelet medications on postoperative bleed- 
ing in patients undergoing cardiac operation [13]. Because 
some reports [14, 15] have shown that the use of anti- 
platelet therapy in patients who have ischemic heart 
disease or who have undergone prior coronary artery 
bypass grafting can be beneficial, discontinuing the med- 
ications once a patient is placed on the active transplant 
list might not be advisable. 

Despite the use of similar early maintenance immuno- 
suppression for groups I and II, group I patients experi- 
enced fewer advanced rejection episodes. A clue to this 
disparity may be found in the difference between the two 
groups in terms of previous heterologous blood transfu- 
sions. Kerman and associates [16] demonstrated the ben- 
efits of such transfusions in certain cardiac transplant 
recipients. A closer look at human lymphocyte antigens in 
cardiac transplant recipients may be warranted. 

In both groups, deaths most often resulted from either 
graft atherosclerosis or overwhelming infections. Despite 
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the high incidence of ischemic cardiomyopathy as the 
preexisting cardiac disease in group I patients, the num- 
ber of deaths resulting from graft atherosclerosis in group 
I was not significantly different from that in group H. 
These data imply that graft atherosclerosis may have an 
immunological basis in addition to, or instead of, other 
local or environmental factors [17]. 

Finally, more patients in group I died of infection. We 
attribute this fact to the larger percentage of older patients 
in group I, patients who are less likely to tolerate serious 
infections, especially when they are immunosuppressed. 
This phenomenon may depend on differences in cyclo- 
sporine pharmacokinetics between older and younger 
patients [18]. i 

This study supports the common practice of consider- 
ing patients who have undergone prior cardiac operation 
candidates for transplantation. Although they are gener- 
ally older and have a history of atherosclerosis, their 
outcome was comparable with that of other cardiac trans- 
plant recipients in terms of both short-term and long-term 
survival. 
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DISCUSSION 


DR W. STEVES RING (Dallas, TX): I thank the authors for 
allowing me to review their manuscript in advance. 

Dr Lammermeier and his colleagues at the Texas Heart Insti- 
tute are to be congratulated on a superb presentation and a very 
careful analysis of one of the largest heart transplant experiences 
using cyclosporine-based immunosuppression. They have con- 
cluded that prior heart operation does not have a major impact on 
either early or long-term mortality following orthotopic heart 
transplantation. 

Their findings stimulated me to review my personal series of 
110 orthotopic cardiac transplantations performed over a 4-year 
period, 1984 to 1988, first at the University of Minnesota and 
more recently at the University of Texas Southwestern Medical 
Center in Dallas. In my series of 110 patients, there were 3 
hospital deaths, an operative mortality of less than 3%, and 2 late 
deaths, which were due to chronic rejection. Both late deaths 
occurred in patients who were abusing alcohol in spite of 
repeated warnings. Thirty-four percent of the patients had a 
history of prior heart operation. There were no hospital deaths in 
this group, and the 1-year survival rate was 100%. There was 1 
late death at 18 months, which was due to chronic rejection. 
Among the 73 patients without a previous heart operation, there 
were 3 hospital deaths and 1 late death at 6 months, a 94% 1-year 
survival rate. 

However, in contrast to the experience of the Houston group, 
fewer than 5% of the recipients required reoperation for bleeding, 
and as opposed to the 5% to 6% incidence of mediastinitis, none 
of my patients had mediastinitis. My colleagues and I take extra 
time to carefully dissect the recipient’s old heart at reoperation to 
minimize the need for perioperative blood products and reduce 
the risks of reexploration and mediastinitis, even if it means 
prolonging donor ischemic time by 20 or 30 minutes. 

Dr Lammermeier and his colleagues observed no difference in 
the frequency of acute rejection between their two groups, with 
about half the patients in each group being treated for rejection. 
However, the patients who have had previous operation seem to 
be less likely to experience multiple rejection episodes. We have 
observed only one acute rejection episode among the 37 patients 
with prior operation, a 3% incidence of acute rejection, but 8 of 
the 73 patients without a previous operation, or 11%, required 
treatment for a single rejection episode. 


It is unclear to me whether this difference in the incidence of 
acute rejection is due to the older age with reduced immune 
responsiveness of the recipients who have had a previous oper- 
ation, most of wham have ischemic heart disease, or whether it 
might relate to the higher incidence of prior blood transfusions in 
this group, as blood transfusions have been shown to reduce the 
incidence of rejection in renal transplant recipients. 

I have three questions for Dr Lammermeier. First, with such a 
high incidence of reexploration for bleeding and of mediastinitis, 
how have you altered your technique to reduce this morbidity? 
Second, do you think that prior blood transfusion confers addi- 
tional immunosuppressive benefit in cardiac transplant recipi- 
ents as it does in renal transplant recipients? Third, are the 
differences in infection-related versus rejection-related deaths 
between the two groups attributable to the reoperative status or 
purely to the difference in age between the two groups? 

Again, I congratulate the authors on an important contribution 
to the heart transplant literature. 


DR LAMMEMEIER: I thank Dr Ring for his kind comments. 

We did have a high incidence of reoperation for hemorrhage in 
the patients who had undergone prior cardiac operation. The 
data base for this report, however, begins in 1982. As we have 
gained experience in dealing with transplant recipients and 
advances have been made in identifying and correcting coagula- 
tion deficiencies, we have experienced fewer bleeding diffi- 
culties. In addition, we have recently recommended the discon- 
tinuation of antiplatelet medications in many candidates on the 
active transplant lis:. There was a higher incidence of death from 
infection in group I patients, and this may have occurred because 
those patients were older. Elderly patients are more prone to 
infection, especially when they are immunosuppressed. More- 
over, studies of bone marrow transplant recipients propose an 
alteration in the cyclosporine pharmacokinetics of the elderly 
patient group, and we wonder whether this may play a role in 
elderly cardiac transplant recipients as well. 

I reiterate that we support the continued practice of analyzing 
patient subsets in regard to continued inherent risk factors before 
transplantation. Through such studies, the conditions that define 
both higher or lower risk may be discovered, and this may 
influence the selection of proper recipient candidates for an 
ever-increasing, but limited, donor pool. 
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From 1975 to 1987, 1,127 elderly patients underwent 1,223 
valve replacements with the Carpentier-Edwards stan- 
dard or supraannular porcine bioprostheses in 1,147 
operations. Of the total patient population seen during 
these years, 33.5% receiving a standard porcine biopros- 
thesis and 48.6% receiving a supraannular bioprosthesis 
were 65 years of age or older. Of this elderly patient 
population, 465 patients were between 65 and 69 years 
old; 618 patients, 70 and 79 years old; and 52 patients, 80 
years old and older. Aortic valve replacement was per- 
formed in 635 patients, mitral valve replacement in 417 
patients, tricuspid valve replacement in 2 patients, and 
multiple-valve replacement in 80 patients. The cumula- 
tive follow-up was 3,957 patient-years. Early mortality 
was 9.5%: 7.3% for the 65- to 69-year-old group, 10.7% for 
the 70- to 79-year-old group, and 15.4% for the group 80 
years old and older. Late mortality was 5.5% per patient- 
year: 4.2% per patient-year for the 65- to 69-year-old 
group, 6.3% per patient-year for the 70- to 79-year-old 
group, and 14.1% per patient-year for the group 80 years 
old and older. Valve-related causes contributed to 7 early 
deaths and 33 late deaths. The overall patient survival, 
including operative deaths, was 70.7% + 1.6% at 5 years 


ocumentation of valvular cardiac surgery in the el- 
derly population has consisted chiefly of evaluation 

of early and late mortality in justification of the operation 
[1-28].The quality of life of this patient population has 
also been given considerable attention [3, 4, 6-8, 12, 13, 
17-19]. Detailed evaluation of valve-related complications 
with either biological or mechanical prostheses has not 
been performed. The experience of The University of 
British Columbia with cardiac valve replacement was 
originally documented in 1980 [14] and 1981 [15]. The role 
of porcine bioprostheses is presented here in an evalua- 
tion of 1,127 consecutive patients aged 65 years and older. 


Material and Methods 


The teaching hospitals of The University of British Colum- 
bia, Vancouver General Hospital and St. Paul’s Hospital, 
have used porcine bioprostheses since 1975. From 1975 to 
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and 47.8% + 3.7% at 10 and 12 years. The freedom from 
all valve-related complications was 52.1% + 6.1% at 10 
and 12 years. The overall rate of valve-related complica- 
tions was 5.0% per patient-year (fatal complications, 
1.13% per patient-year). The overall rate of thromboem- 
bolism was 2.3% per patient-year and the freedom from 
thromboembolism, 69.6% + 5.2% at 10 and 12 years. The 
freedom from structural valve deterioration was 80.8% + 
8.1% at 10 and 12 years: 71.7% + 11.0% at 10 and 12 years 
for the 65- to 69-year-old group, 97.9% + 1.2% at 10 years 
for the 70- to 79-year-old group, and 100% at 12 years for 
the group 80 years old and older. At 10 and 12 years, the 
freedom from valve-related death was 83.7% + 4.3% and 
the freedom from reoperation, 73.3% + 8.6%. The free- 
dom from valve-related death, residual morbidity from 
thromboembolism and anticoagulant-related hemor- 
thage, and reoperation was 61.7% + 7.0% at 10 and 12 
years. The clinical performance of porcine bioprostheses 
in the elderly patient population has been excellent. The 
early mortality increases in patients 70 years old or older. 
Structural valve deterioration is essentially nonexistent 
at 10 and 12 years in patients 70 years of age or older. 
(Ann Thorac Surg 1989;48:173-85) 


1987, the Carpentier-Edwards standard porcine biopros- 
thesis was implanted in 1,183 patients and the Carpentier- 
Edwards supraannular porcine bioprosthesis, in 1,536 
patients. Of the total patient population, 41.4% were 65 
years of age and older, 33.5% of the patients receiving a 
standard bioprosthesis between 1975 and 1982 and 48.6% 
of the population given a supraannular bioprosthesis 
from 1982 to 1987. 

The elderly patient population is detailed in Tables 1 
through 4. There were 1,127 patients who received 1,223 


Table 1. Patient Population by Age 





Total Total Total 

Age (yr) Patients Operations Valves 
65-69 465 ' 469 501 
70-79 618 626 669 
=80 52 52 53 
Total 1,1277 1,147 1,223 





* Eight patients are in both the 65- to 69-year-old group and the 70- to 
79-year-old group. 
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Table 2. Patient Population by Valve Replaced 





Type of Valve Total Total” Total 
Replacement Patients Operations Valves 
Aortic 635 636 636 
Mitral . 417 429 429 
Tricuspid 2 2 2 
Multiple 80 89 156? 
Total 1,127° 1,147 1,223 





4 This represents 69 aortic valves, 79 mitral valves, and 8 triscupid 
valves. 8 Five patients are in both the aortic and mitral valve replace- 
ment groups, 1 patient is in-both the aortic valve and multiple-valve 
teplacement’ groups, and 1 is ‘in both the mitral and multiple-valve 
replacement groups. ` 


i 
valves in 1,147 operations. Four hundred sixty-five pa- 
tients were between 65 arid 69 years old, 618 were 
between 70 and 79 years old, and 52 were 80 years old and 
older (see Table 1). Aortic valve replacement (AVR) was 
performed in 635 patients, mitral valve replacement 
(MVR) in 417 patients, tricuspid valve replacement in 2 
patients, and multiple-valve replacement in 80 patients 
(see Table 2). The distribution of patients in the Carpen- 
tier-Edwards porcine standard and supraannular biopros- 
theses subsets is shown in Tables 3 and 4. 

The average follow-up for the three age groups was 3.9 
years for patients 65 to 69 years old, 3.2 years for patients 
70 to 79 years old, and 2.5 years for the group 80 years old 
or more. The cumulative follow-up was 3,956.7 patient- 
years: 1,845.7 patient-years for the 65- to 69-year-old 
group, 1,983.2 patient-years for the 70- to 79-year-old 
group, and 127.8 patient-years for the group 80 years old 
er older (Table 5). Of the cumulative follow-up, AVR 
accounted for 2,329.1 patient-years; MVR, 1,397.2 patient- 
years; and multiple-valve replacement, 222.8 patient- 
years (Table 6). 


Results 


Early mortality was 9.5% (109 patients): 7.3% for the 65- to 
69-year-old group, 10.7% for the 70- to 79-year-old group, 
and 15.4% for the group 80 years old or more (Table 7). 

Forty patients undergoing AVR died, 58 having MVR 
died, and 11 undergoing multiple-valve replacement died 


Table 3. Patient Hopulation for Carpentier-Edwards Standard 
Bioprosthesis 


Age 

Group Total Total Total 

(yr) Patients Operations Valves 

65-69 192 195 205 

70-79 189 190 196 

>80 15 15 15 
Total 396" 400 "416 


a Three patients are in the 65- to 69-year-old group twice, and 1 patient is is 
in the 70- to 79-year- -old group twice. 


Ann Thorac Surg 
1989;48:173-85 


Table 4. Patient Population for Carpentier-Edwards 
Supraannular Bioprosthesis 








Age 
Group Total Total Total 
(yn) Patients Operations Valves 
65-69 274 275 o: 296 
70-79 435 438 473 
=80 37 37 38 
Total 746° 750 807 





* One patient is in the 65- to 69- -year- -old group twice, and 3 patients are in 
the 70- to 79-year-old group twice. ` 


(Table 8). The causes of early death are detailed in Table 9. 
The valve-related causes included thromboembolism (3 
patients), prosthetic valve endocarditis (1 patient), para- 
prosthetic leak (2), and hemorrhage as a result of an- 
tithromboembolic therapy (1). 

Early mortality was influenced by concomitant proce- 
dures and previous cardiac operations. Early mortality 
was 12.8% among patients with concomitant procedures 
and 6.8% among those without additional procedures 
(Table 10), and 13.2% among patients with previous 
cardiac operations and 9.2% among those without such 
operations (Table 11). The causes of early death by age 
group are documented in Table- 12. 

Late mortality expressed as a linearized occurrence rate 
was 5.5% per patient-year overall; it was 4.2% per patient- - 
year for the 65- to 69-year-old group, 6.3% per patient- 
year for the 70- to 79-year-old group, and 14.1% per 
patient-year for patients 80 years old or more (Table 13). 
Late mortality for AVR was 5.2% per patient-year; for 
MVR, 6.2% per patient-year; and for multiple-valve re- 
placement, 5.4% per patient-year (Table 14). The causes of 
late death are shown in Table 15. The valve-related causes 
included thromboembolism (19 patients), prosthetic valve 
endocarditis (5), paraprosthetic leak (1 patient), hemor- 
rhage due to antithromboembolic therapy (4), clinical 
valve dysfunction (1), and structural valve deterioration 
(3). 

Overall patient survival, including operative deaths, 
was 70.7% +:1.6% at 5 years and 47.8% + 3.7% at 10 and 
12 years (Fig 1). For the group 65 to 69 years old, survival 
was 77.5% + 2.1% at 5 years and 60.9% + 4.4% at 10 and 
12 years; for the group 70 to 79 years old, survival was 
67.6% + 2.3% at 5 years; and for the group 80 years old or 
more, survival was 37.7% + 6.2% at 3 years. 

The freedom from all valve-related complications, mor- 


Table 5. Cumulative Follow-up by Age 


Age Total Total 

(yr) Operations Patient-Years 

65-69 . 469 1,845.7 

70-79 626 1,983:2 

=80 52 127.8 
Total 1,147 3,956.7 
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Table 6. Cumulative Follow-up by Valve Replaced 


` Type of Valve Total Total 
Replacement. Operations Patient-Years 
Aortic 636 ` 2,239.1 
Mitral 429 1,397.2 
Tricuspid 2 7.6 
Multiple 80 222.8 
Total 1,147 3,956.7 





bidity and mortality, was 52.1% + 6.1% at 10 and 12 years 
(Fig 2). At 10 years, the freedom from all valve-related 
complications was 50.9% + 8.3% for the 65- to 69-year-old 
group, 53.8% + 8.5% for 70- to 79-year-old group, and 
56.4% + 23.6% for the group 80 years old and older. The 
hazard intervals by year indicating yearly rates and mor- 
tality rates are demonstrated in Figure 2. 

The linearized occurrence rate for valve-related compli- 
cations was 5.0% per patient-year (163 events) and the 
mortality rate, 1.13% per patient-year (40 events). The 
overall rate for valve-related complications was 4.0% per 
patient-year for the 65- to 69-year-old group (0.7% per 
patient-year, fatal), 4.4% per patient-year for the 70- to 
79-year-old group (1.2% per patient-year, fatal), and 3.9% 
per patient-year for the group 80 years old or older (3.2% 
per patient-year, fatal). 

The linearized occurrence rate and number of events for 
all valve-related complications are shown in Table 16 by 
age group and in Table 17 by valve replaced. The overall 
rates were as follows: thromboembolism, 2.3% per pa- 
tient-year (92 events); antithromboembolic therapy- 
related hemorrhage, 0.6% per patient-year (23 events); 
prosthetic valve endocarditis, 0.3% per patient-year (11 
events); paraprosthetic leak, 0.3% per patient-year (12 
events); structural valve deterioration, 0.4% per patient- 
year (15 events); and clinical valve dysfunction, 0.3% per 
patient-year (ten events). The mortality rate for throm- 
boembolism was 0.6% per patient-year (22 deaths); an- 
tithromboembolic therapy-related hemorrhage, 0.1% per 
patient-year (5 deaths); prosthetic valve endocartidis, 
0.2% per patient-year (6 deaths); paraprosthetic leak, 
0.08% per patient-year (3 deaths); structural valve deteri- 
oration, 0.08% per patient-year (3 deaths); and clinical 
valve dysfunction, 0.03% per patient-year (1 death). 

Reoperation for valve-related complications was per- 


Table 7. Early Deaths by Age* 





Age Total Total 

(yr) Operations Deaths % 

65-69 469 T 34 73 

70-79 626 67 10.7 

=80 52 8 15.4 
Total 1,147 109 9.5 


* Early mortality is 30-day mortality. 


JAMIESON ET AL 175 
CARDIAC VALVE REPLACEMENT IN ELDERLY 


Table 8. Early Deaths By Valve Replaced" 


Type of Valve Total Total 

Replacement Operations Deaths % 

Aortic 636 40 6.3 

Mitral 429 58 13.5 

Tricuspid 2 0 0 

Multiple 80 i 13.8 
Total 1,147 109 9.5 


* Early mortality is 30-day mortality. 


formed in 33 patients (0.8% per patient-year) (see Table 
16). The linearized occurrence rate for AVR was 0.3% per 
patient-year (eight events); for MVR, 1.6% ‘per patient- 
year (22 events); and for multiple-valve replacement, 1.4% 
per patient-year (three events) (see Table 17). The mortal- 
ity rate for reoperation was 0.2% per patient-year (7 
deaths). Of the 7 patients who died, reoperation was 
necessary for structural valve deterioration (3), prosthetic 
valve endocarditis (2), paraprosthetic leak (1), and clinical 
valve dysfunction (1). 

The morbidity and mortality associated with throm- 
boembolism by age group are detailed in Table 18. The 
overall ‘linearized occurrence rate for major events was 
1.6% per patient- year (64 events). The. overall linearized 
rate for minor events was 0.7% per patient-year (28 
events). The mortality rate for the group 65 to 69 years old 
was 0.3% per patierit-year (6 deaths); for the group 70 to 
79 years old, 0.7% per patient-year (14 deaths); and for the 
group 80 years old or more, 1.6% per patient-year (2 

deaths). The morbidity and mortality associated’ with 
thromboembolism are also detailed by valve replaced 
(Table 19). 

The freedom from individual valve-related complica- 
tions is shown in Figures 3 through 10. The linearized 
occurrence rate of each complication, depicting total and 
fatal events, by yearly hazard intervals is also illustrated 


Table 9. Causes of Early Death 


No. of 

Cause Patients 
Myocardial infarction/arrhythmia 28 
Low output syndrome/congestive heart failure 35 
Thromboembolism 3 
Prosthetic valve endocarditis 1 
Paraprosthetic leak 2 
Antithromboembolic therapy-related 1 

hemorrhage 
Hemorrhage 16 
Aortic dissection 1 
Other 22 

Total 109 


* This represents 40 deaths among patients having aortic valve replace- 
ment, 58 deaths among patients having mitral valve ele oats and 11 
deaths among patients having multiple-valve replacement. 
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Table 10. Early Deaths With and Without Concomitant Procedure 





Type of Valve - 2o 
Replacement Operations %o 
Aortic 30 9.7 
Mitral 197 18.3 
Tricuspid 1 0 
Multiple 27 7.4 


Total 525 12.8 


Ann Thorac Surg 


Table 11. Early Deaths With and Without Previous Cardiac Procedure 


Type of Valve 2o 
Replacement Operations % 
Aortic 38 . 5.3 
Mitral 64 18.8 
Tricuspid 1 0 
Multiple 11 9.1 
Total 114 13.2 


for each complication. The freedom from thromboembo- 
lism was 69.6% + 5.2% overall at 10 and 12 years (see Fig 
3). The freedom for the 65- to 69-year-old group was 
78.2% + 5.9% at 10 and 12 years; for the 70 to 79-year-old 
group, 90.8% + 1.5% at 5 years; and for the group 80 
years and older, 88.8% + 7.6% at 5 years. The freedom 
from thromboembolism by valve replaced is shown in 
Figure 4. The freedom for AVR was 65.5% + 6.5% at 10 
and 12 years; for MVR, 79.3% + 5.5% at 10 years; and for 
multiple-valve replacement, 97.0% + 2.1% at 10 years. 
Thromboembolism and related deaths occurred through- 
out the observation period with a trend toward increased 
occurrence in the latter years of the period. 

The freedom from hemorrhage related to antithrom- 


Table 12. Causes of Early Death by Age 


Age (yr) 
Cause 60-69 70-79  =80 
Myocardial infarction/arrhythmia 6. 17 5 
Low output syndrome/ 14 18 3 
congestive heart failure 
Thromboembolism 1 2 0 
Prosthetic valve endocarditis 1 0 0 
Paraprosthetic leak 0 2 0 
Antithromboembolic therapy- 1 0 0 
related hemorrhage 
Hemorrhage — 6 10 0 
Aortic dissection 0 1 0 
Other 5 17 0 
Total 34 67 8 


1989;48:173-85 
Without 
Deaths Operations % Deaths 
29 . 334 3.3 11 
36 228 9.7 22 
0 1 0 0 
2 53 17.0 9 
67 616 6.8 42 
Without 
Deaths Operations % Deaths 
2 l 596 64 38 
12 361 12.7 46 
0 1 0 0 
69 14.5 10 


15 1,027 9.2 94 


boembolic therapy was 97.6% + 0.6% at 5 years and 
95.3% + 1.3% at 10 and 12 years (see Fig 5). There was no 
appreciable difference between the three age groups. This 
complication occurred throughout the observation period. 
The freedom from prosthetic valve endocarditis was 
99.1% + 0.3% at 5 years and 97.7% +0.9% at 10 and 12 
years (see Fig 6). Again, there was no difference between 
the age groups. This complication occurred early and 
midterm in the observation period. The freedom from 
paraprosthetic leak was 98.8% + 0.4% at 5 years and 
98.2% + 0.7% at 10 and 12 years (see Fig 7). Paraprosthetic 
leak occurred only in the 65- to 69-year-old and 70- to 
79-year-old groups. — l 
The freedom from clinical valve dysfunction was 98.8% 
+ 0.4% at 5 years and 95.9% + 2.6% at 10 and 12 years 
(see Fig 8). This complication occurred only in the 65- to 
69-year-old and 70- to 79-year-old groups. The freedom 
from structural valve deterioration was 99.1% + 0.4% at 5 
years and 80.8% + 8.1% at 10 and 12 years (see Fig 9). The 
freedom for the 65- to 69-year-old group was 71.7% + 
11.0% at 10 and 12 years; for the 70- to 79-year-old group, 
97.9% + 1.2% at 10 years; and for the group 80 years old 
and older, 100% at 12 years. The freedom from structural 


Table 13. Late Deaths by Age 





Age l Total Total 

(yr) Patient-Years Deaths %/Patient-Year 

65-69 1,845.7 . 77 4.2 

70-79 1,983.2 124 6.3 

280 127.8 18 14.1 
Total 


3,956.7 219 5.5 
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Table 14. Late Deaths by Valve Replaced 


Type of Valve Total Total 

Replacement Patient-Years Deaths %/Patient-Year 

Aortic 2,329.1 120 5.2 

Mitral 1,397.2 86 6.2 

Tricuspid 7.6 1 13.2 

Multiple 222.8 12 5.4 
Total 3,956.7 219 5.5 


valve deterioration for AVR was 99.4% + 0.6% at 10 and 
12 years; for MVR, 98.3% + 1.0% at 5 years; and for 
multiple-valve replacement, 95.2% + 4.6% at 5 years (see 
Fig 10). Structural valve deterioration commenced at 4 
years and increased yearly, with a large increase during 
the tenth year of observation. 

The multiple decrement analysis of valve-related com- 
plications is shown in Figures 11 through 16. The freedom 
from reoperation was 97.8% + 0.6% at 5 years and 73.3% 
+ 8.5% at 10 and 12 years (see Fig 11). The freedom from 
reoperation at 10 and 12 years was 63.3% + 11.2% for the 
65- to 69-year-old group, 94.5% + 1.8% for the 70- to 
79-year-old group, and 100% for the group 80 years old 
and older. Reoperation occurred throughout the observa- 
tion period, but the late increase parallels structural valve 
deterioration. The freedom from valve-related death was 
96.3% + 0.7% at 5 years and 83.7% + 4.3% at 10 and 12 
years (see Figs 12, 13). The freedom from death was 90.2% 
+ 4.5% at 10 and 12 years for the 65- to 69-year-old group, 
77.5% + 8.2% at 10 years for the 70- to 79-year-old group, 


Table 15. Causes of Late Death 








No. of 

Cause Patients 
Myocardial infarction/arrhythmia 40 
Congestive heart failure 40 
Thromboembolism 19 
Prosthetic valve endocarditis 5 
Paraprosthetic leak 1 
Structural valve deterioration 3 
Antithromboembolic 4 

therapy-related hemorrhage 
Clinical valve dysfunction 1 
Gastrointestinal hemorrhage 3 
Hemorrhage 1 
Sepsis 3 
Sudden unexpected death 23 

(arrhythmia) 
Noncardiac-related cause 20 
Other 56 

Total 219° 


* This represents 120 deaths among patients having aortic valve replace- 
ment, 86 deaths among patients having mitral valve replacement, 1 death 
among patients having tricuspid valve replacement, and 12 deaths among 
patients having multiple-valve replacement. 
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Fig 1. Patient survival. 


and 59.5% + 24.7% at 10 years for the group 80 years old 
and older (see Fig 12). Death from valve-related causes 
occurred throughout the observation period but increased 
late with reoperation and the higher rate of thromboem- 


Table 16. Linearized Occurrence Rates of Valve-Related 
Complications by Age" 





Age (yr) 

Morbidity, Mortality 65-69 70-79 =80 Overall 
Thromboembolism 

Overall 34 (1.8) 55 (2.8) 3 (2.4) 92 (2.3) 

Fatal 6 (0.3) 14 (0.7) 2 (1.6) 22 (0.6) 
Antithromboembolic 

therapy—related 

hemorrhage 

Overall 12 (0.7) 10 (0.5) 1 (0.8) 23 (0.6) 

Fatal 3 (0.2) 1 (0.05) 1(0.8) 5(0.1) 
Clinical valve 

dysfunction . 

Overall 5 (0.3) 5 (0.3) 0 10 (0.3) 

Fatal 0 1(0.05) 0 1 (0.03) 
Prosthetic valve 

endocarditis 

Overall 4 (0.2) 6 (0.3) 1 (0.8) 11 (0.3) 

Fatal 1 (0.05) 4 (0.2) 1 (0.8) 6 (0.2) 
Paraprosthetic leak 

Overall 6 (0.3) 6 (0.3) 0 12 (0.3) 

Fatal 1 (0.05) 2 (0.1) 0 3 (0.08) 
Structural valve 

deterioration 

Overall 12 (0.7) 3 (0.2) 0 15 (0.4) 

Fatal 2 (0.1) 1 (0.05) 0 3 (0.08) 
Reoperation 

Overall 20 (1.1) = 13 (0.7) 0 33 (0.8) 

Fatal 3 (0.2) 4 (0.2) 0 7 (0.2) 


è Data in parentheses are percent per patient-year or episodes per 100 
patient-years. 
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Fig 2. Freedom from all valve-related complications. 


bolism. The freedom from valve-related death was 84.2% 
+ 5.2% for AVR at 10 and 12 years, 80.6% + 9.4% for 
MVR at 10 years, and 96.5% + 2.5% for multiple-valve 
replacement at 10 years (see Fig 13). 
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The freedom from valve-related death and reoperation 
was 94.6% + 0.9% at 5 years and 64.3% + 8.0% at 10 and 
12 years (see Fig 14). The freedom for the 65- to 69-year-old 
group was 61.2% + 10.8% at 10 and 12 years; for the 70- to 
79-year-old group, 74.4% + 8.0% at 10 years; and for the 
group 80 years old and older, 59.5% + 24.7% at 8 and 10 
years. The hazard rates parallel the rates of structural valve 
deterioration and deaths related to reoperation. 

The freedom from valve-related death and residual 
morbidity (treatment failure) was 92.8% + 1.0% at 5 years 
and 75.4% + 4.5% at 10 and 12 years (see Fig 15). The 
freedom for the 65- to 69-year-old group was 81.8% + 
5.4% at 10 and 12 years; for the 70- to 79-year-old group, 
69.6% + 7:8% at 10 years; and for the group 80 years old 
and older, 56.4% + 23.6% at 8 and 10 years. This assess- 
ment considers patients who died of valve-related com- 
plications or had residual neurological deficits from 
thromboembolism, antithromboembolic therapy—related 
hemorrhage, or prosthetic valve endocarditis. The hazard 
rates indicate the mortality and residual morbidity occur- 
rence rates. The freedom from valve-related death, resid- 
ual morbidity, and reoperation was 61.7% + 7.0% at 10 
and 12 years (see Fig 16). The freedom for the 65- to 
69-year-old group was 60.5% + 9.7% at 10 and 12 years; 
for the 70- to 79-year-old group, 67.4% + 7.6% at 10 years; 
and for the group 80 years old and older, 56.4% + 23.6% 
at 8 and 10 years. The hazard linearized occurrence rates 
indicate an increasing incidence throughout the observa- 
tion period. 


Table 17. Linearized Occurrence Rates of Valve-Related Complications by Valve Replaced" 








Morbidity, Mortality Aortic 
Thromboembolism 

Overall 54 (2.3) 

Fatal 13 (0.6) 
Antithromboembolic 

therapy-related 

hemorrhage 

Overall 6 (0.3) 

Fatal 2 (0.09) 
Clinical valve dysfunction 

Overall 4 (0.2) 

Fatal 1 (0.04) 
Prosthetic valve endocarditis 

Overall 5 (0.2) 

Fatal 4 (0.2) 
Paraprosthetic leak 

Overall 4 (0.2) 

Fatal 1 (0.04) 
Structural valve 

deterioration 

Overall 1 (0.04) 

Fatal 0 
Reoperation 

Overall 8 (0.3) 

Fatal 3 (0.1) 


Type of Valve Replacement 





Mitral Multiple Overall 
36 (2.6) 2 (0.9) 92 (2.3) 
8 (0.6) 1 (0.5) 22 (0.6) 
14 (1.0) 3 (1.4) 23 (0.6 
3 (0.2) 0 5 (0.1) 
6 (0.4) 0 10 (0.3) 
0 0 1 (0.03) 
4 (0.3) 2 (0.9) 11 (0.3) 
1 (0.07) 1 (0.5) 6 (0.2) 
7 (0.5) 1 (0.5) 12 (0:3) 
2 (0.1) 0 3 (0.08) 
13 (0.9) 1 (0.5) 15 (0.4) 
3 (0.2) 0 3 (0.08) 
22 (1.6) 3 (1.4) 33 (0.8) 
3 (0.2) 1 (0.5) 7 (0.2) 





a Data in parentheses are percent per patient-year, or episodes per 100 patient-years. 
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Table 18. Thromboembolism by Age 





A 

Morbidity, Be (yr) 
Mortality 65-69 70-79 =80 Overall 
Minor 

Overall 12 (0.7) 16 (0.8) 6 28 (0.7) 
Major 

Overall 22 (1.2) 39 (2.0) 3 (2.3) 64 (1.6) 

Fatal 6 (0.3) 14 (0.7) 2 (1.6) 22 (0.6) 





* Data in parentheses are percent per patient-year or episodes per 100 
patient-years. 


The preoperative and postoperative New York Heart 
Association functional classification is shown in Figure 17. 
Preoperatively, 92.3% of the patients were in either class 
H or IV, whereas postoperatively, 93.0% were in class I or 
I. 

The overall experience is summarized in Tables 20 
through 23. The causes of the 33 reoperations are shown 
in Table 20 and the causes of the valve-related deaths (7 
early and 33 late), in Table 21. The freedom from each 
valve-related complication and composites of complica- 
tions are summarized in Tables 22 and 23. 


Comment 


The majority of reports on valve replacement have dealt 
with the safety of the procedure and the general quality of 
life of patients following valve procedures [1-29]. There 
has been limited documentation of valve-related compli- 
cations in the elderly population [17]. In previous reports, 
we [14, 15] recommended that indications for valve re- 
placement in the elderly be similar to those for the general 
population and that advanced age alone not be a contrain- 
dication to surgical management. 

The operative mortality in various series of elderly 
patients was summarized in 1981. During the 1960s, the 
operative mortality for all reported valve replacements 
ranged between 15.3% and 40% [1, 2, 6-13]. During the 
decade of the 1970s, the mortality fell to a range of 3.7% to 
10.7% [3-5, 14, 15]. In the 1960s, the operative mortality 
for AVR ranged from 8.7% to 33%; for MVR, 12% to 37%; 
and for multiple-valve replacement, 15% to 75%. In the 
1970s, the mortality range fell appreciably; for AVR, 0% to 
16%; for MVR, 5.6% to 9%; and for multiple-valve replace- 
ment, 0% to 33%. 


Table 19. Thromboembolism by Valve Replaced? 





Type of Valve Replacement 











Morbidity, 
Mortality Aortic Mitral Multiple Overall 
Minor 
Overall 20 (0.9) 8 (0.6) 0 28 (0.7) 
Major 
Overall 34 (1.5) 28 (2.0) 2 (0.9) 64 (1.6) 
Fatal 13 (0.6) 8 (0.6) 1 (0.5) 22 (0.6) 





* Data in parentheses are percent per patient-year or episodes per 100 
patient-years. 
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Fig 3. Freedom from thromboembolism by age. 


The operative mortality we [15] reported for the 1970s 
was 8.8% overall and 4.7% for AVR, 11.4% for MVR, and 
37.5% for multiple-valve replacement. The present series 
has some overlap with the previous series, for all opera- 
tions with porcine bioprostheses from 1975 to 1987 are 
included. We know of no report that considers exclusively 
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Fig 4. Freedom from thromboembolism by type of valve replacement. 
(AVR = aortic valve replacement; MR = multiple-valve replacement; 
MVR = mitral valve replacement.) 
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Fig 5. Freedom from hemorrhage related to antithromboembolic ther- 
apy. 


the mortality in the 1980s. Early mortality in the present 
overlapping series was 9.5% overall and 6.3% for AVR, 
13.5% for MVR, and 13.8% for multiple-valve replace- 
ment. Only multiple-valve replacement showed improve- 
ment compared with our data for the 1970s. The series 
presented here included a substantial number of high-risk 
patients, for 46.6% had concomitant procedures and 
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Fig 6. Freedom from prosthetic valve endocarditis. 
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Fig 7. Freedom from paraprosthetic leak. 


10.1% had had previous cardiac operations. The mortality 
for valve replacements performed with concomitant pro- 
cedures was 12.8% and for those without, 6.8%. The 
influence of previous procedures on mortality was also 
evident; 9.2% of patients without and 13.2% of those with 
such a procedure died early. l 

Another extensive series with a group of 360 patients 
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Fig 8. Freedom from clinical valve dysfunction. - 
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Fig 9. Freedom from structural valve deterioration by age. 


older than 70 years is that reported by Bessone and 
colleagues [17] in 1985. This study revealed an early 
mortality of 11.5% for AVR, 15.7% for MVR, and 14.7% 
for multiple-valve replacement. In the present series, 
considering only patients 70 years of age and older, the 
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Fig 10. Freedom from structural valve deterioration by type of valve 
replacement. (AVR = aortic valve replacement; MR = multiple-valve 
replacement; MVR = mitral valve replacement.) 
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Fig 11. Freedom from reoperation. 


overall early mortality was 11.1% (75/676 patients). In 
1987, Blakeman and co-workers [18] reported only a 3% 
mortality among 100 patients 75 years of age and older 
undergoing isolated AVR. Craver and colleagues [20], in 
1984, documented an early mortality of 5.1% for isolated 
AVR and of 5.4% for AVR and concomitant coronary 
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Fig 12. Freedom from valve-related death by age. 
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Fig 13. Freedom from valve-related death by type of valve replace- 
ment. (AVR = aortic valve replacement; MR = mutltiple-valve re- 
placement; MVR = mitral valve replacement.) 


artery bypass grafting in a series of 152 patients older than 


70 years. 

The late mortality is of considerable importance and 
was summarized in a previous study [15]. Late mortality 
has been as great as 9.1% per patient-year [13]. In the 
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Fig 14. Freedom from valve-related death and reoperation. 
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(treatment failure). 


large series of Bessone and coauthors [17], late mortality 
was 7.6% per patient-year. In the present series, the rate 
was 5.5% per patient-year (AVR, 5.2% per patient-year; 











MVR, 6.2% per patient-year; and multiple-valve replace- 
ment, 5.4% per patient-year). By age group, late mortality 
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Fig 16. Freedom from valve-related mortality, residual morbidity, and 
reoperation. : 


Ann Thorac Surg 
1989;48:173-85 


100 


80 






ZA PREOP 
wm POSTOP 


60 


x 


40 


20 


NYHA 


Fig 17, New York Heart Association (NYHA) classification before 
and after operation. : 


was 4.2% per patient-year for the group 65 to 69 years old, 
6.3% per patient-year for the group 70 to 79 years old, and 
14.1% per patient-year for the group 80 years old and 
older. The overall patient survival was 71% at 5 years and 
48% at 10 and 12 years. Survival was 65% at 6 years in the 
series of Bessone and associates [17]. 

To our knowledge, this report provides the first overall 
assessment of valve-related complications of valve proce- 
dures in an elderly population. The freedom from all 
valve-related complications (including thromboembolism, 
hemorrhage related to antithromboembolic therapy, pros- 
thetic valve endocarditis, paraprosthetic leak, and struc- 
tural valve deterioration) at 10 and 12 years was 52%. At 
10 and 12 years, the freedom from thromboembolism was 
70% and from structural valve deterioration, 81% , while 
the freedom from all other complications was greater than 
95%. Thromboembolic events increased with time, thus 
indicating other possible causes of thromboembolism at- 
tributed to the prostheses without detailed investigation. 

Structural valve deterioration requires special consider- 
ation. The overall freedom from this complication at 10 


Table 20. Causes of Valve-Related Reoperation 











Complication Total 
Thromboembolism 1 
Antithromboernbolic 
therapy-related hemorrhage : 
Clinical valve dysfunction 3 
Prosthetic valve endocarditis 
Pardprosthetic leak 10 
Structural valve deterioration 15 
Total 33° 





a This total accounts for all the reoperations. 
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Table 21. Causes of Valve-Related Death 


Complication Early Late Total 
Thromboembolism 3 19 22 
Antithromboembolic 1 4 5 
therapy-related 
hemorrhage 
Clinical valve 0 1 1 
dysfunction 
Prosthetic valve 1 5 6 
endocarditis 
Paraprosthetic leak 2 1 3 
Structural valve 0 3 3 
deterioration 
Total® 7 (109) 33 (219) 40 (328) 


a Numbers in parentheses are the total number of deaths. 


and 12 years was 80.8%. There was a substantial differ- 
ence in the age groups: 71.7% for the 65- to 69-year-old 
group at 10 and 12 years, 97.9% for the 70- to 79-year-old 
group at 10 years, and 100% for the group 80 years old or 
older at 12 years. This information illustrates the consid- 
erable safety of porcine bioprostheses for patients older 
than 70 years. The performance of the aortic prostheses 
was superior to that of the mitral prostheses both for MVR 
and multiple-valve replacement. Moront and Katz [30] 
reported calcification of a mitral prosthesis in a 72- 
year-old woman on a regimen of calcium carbonate ther- 
apy. 

The overall performance of the porcine bioprostheses is 
best illustrated by considering the multiple decrement 
analysis of the complications. The freedom from reoper- 
ation, for all complications, was 73.3% at 10 and 12 years 
and was 2reater in patients 70 years old or older compared 
with those less than 70 years of age, thus reflecting the 
influence of structural valve deterioration. The overall 
freedom from valve-related death was 83.7% at 10 and 12 


Table 22. Freedom From Valve-Related Complications" 











Complication 5 Years 10-Years 12 Years 
Thromboembolism 91.8 + 1.0 69.6 +5.2 69.6 + 5.2 
Antithromboembolic 97.6406 95.3 +1.3 95.3 +13 
therapy-related 
hemorrhage 


Clinical valve dysfunction 98.8 + 0.4 95.9426 95.9 2.6 
Prosthetic valve 99.1 + 0.3 97.7409 97.7 + 0.9 
endocarditis 


Paraprosthetic leak 98.8 + 0.4 98.2 +0.7 98.2 + 0.7 


Structural valve 99.1 + 0.4 80.8 +8.1 80.8 + 8.1 
deterioration 
Reoperaticn 97.8 + 0.6 73.3 +86 73.3 + 8.6 





a Data are shown as the percent freedom + the standard error. 
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Table 23. Freedom From Valve-Related Composite 
Complications" 


Complication 5 Years 10 Years 12 Years 
Valve-related death 94.6 +40.9 64.3=+80 643+ 8.0 
and reoperation : 
Valve-related death 96.3 +07 83.7443 837443 
Treatment failure 92.8410 75.4445 754445 
Valve-related death, 913411 61.7+7.0 61.7+7.0 
residual morbidity, 
and reoperation 
All valve-related 86.7413 521+61 521+61 


complications 


* Data are shown as the percent freedom + the standard error. 


years; the age influence was reversed with the greater 
freedom in patients younger than 70 years of age, thereby 
reflecting the late mortality from thromboembolism in the 
older age groups (70 years old and more). The freedom 
from valve-related death and reoperation was 64.3% at 10 
and 12 years, while the freedom from valve-related death 
and residual morbidity was 75.4%. Residual morbidity is 
defined as permanent neurological deficit from throm- 
boembolism, hemorrhage due to antithromboembolic- 
related therapy, and embolic complications of prosthetic 
valve endocarditis. The most important index of perfor- 
mance is the 61.7% freedom from the combination of 
valve-related death, residual morbidity, and reoperation 
at 10 and 12 years. ` 

The porcine bioprostheses provide excellent clinical 
performance in the elderly. The risk of structural valve 
deterioration (primary tissue failure) is low and essentially 
negligible at 10 and 12 years in patients older than 70 
years. 





We are indebted to our colleagues Dr G. F. O. Tyers, Dr M. T. 
Janusz, Dr H. Ling, Dr P. Allen, Dr H. Tutassaura, arid Dr R. I. 
Hayden for allowing the inclusion of their patients in this study. 
We extend appreciation to Eva Germann, computer programmer, 
and Joar MacNab and Florence Chan for their extensive efforts in 
the preparation of this work. 
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DR CONRAD L. PELLETIER (Montreal, Que, Canada): Dr 
Jamieson is to be complimented for this very timely and well- 
presented study. These data are important in two respects. First, 
they are important in regard to the target population. Elderly 
patients represent a growing proportion of patients undergoing 
valve replacement. It is therefore important to assess the risk/ 
benefit ratio of this operation in this group of patients. Dr 
Jamieson has shown that early mortality increases with age, 
noncardiac-related causes being responsible for 25% of those 
deaths. We reported similar findings in a study published a 
couple of years ago, and stressed the need for careful patient 
selection to decrease noncardiac-related mortality and morbidity. 
In addition, the percentage of operative deaths is doubled when 
associated procedures are performed. I ask Dr Jamieson to 
comment on his approach to associated coronary lesions. Are all 
stenoses bypassed or only life-threatening ones? Also, what 
proportion of patients do associated coronary procedures repre- 
sent in this series? 

Second and mainly, these data are important in terms of the 
choice of the proper valve prosthesis for this age group. This 
study comes at a time when the use of bioprostheses is becoming 
somewhat more selective. We, like others, have changed our 
attitude regarding the choice of prosthesis. Bioprostheses repre- 
sented more than 90% of our total valve implants in 1979 and 
slightly less than 50% in 1987. 

The results reported by Dr Jamieson indicate that the elderly 
patient is well suited for placement of a bioprosthesis, not only 
because of the limited life expectancy, but more so because valve 
durability appears excellent up to 10 years in this age group, thus 
permitting us to avoid anticoagulants. However, I noticed that 
there was a higher incidence of thromboembolic complications in 
older patients. This may be at least in part related to the higher 
prevalence of atherosclerotic cerebral vessel disease with ad- 
vanced age. Or could it be due to the absence of anticoagulation, 
even in patients with risk factors? 

My second question therefore addresses the problem of anti- 
coagulation, both during the early postoperative period and 
during long-term follow-up. Finally, what proportion of your 
patients was kept permanently on a regimen of anticoagulation 
therapy? 

Again, I congratulate Dr Jamieson and his colleagues for their 
excellent and well-documented study. 


DR CARY W. AKINS (Boston, MA): I congratulate Dr Jamieson 
on his usual excellent statistical assessment of a large series of 
patients. I do have one question, however. 

If you define structural valve deterioration as that determined 


only at reoperation or autopsy, did patients more than 80 years 
old actually undergo reoperation as their valves began to deteri- 
orate or were they merely allowed to die? The survival rate for the 
group 89 years old and more was obviously much lower. The 
question is, have you somewhat confused the issue, and is your 
conclusion that patients older than 80 years have little valve 
deterioration actually valid? 


DR J. EDWARD OKIES (Portland, OR): I have a question about 
the size limitation of the prosthesis. Some elderly patients have a 
very small annulus. What is the lower size limit of tissue valve 
that you would place, and do you perform any reconstruction of 
the annulus to allow use of a bigger valve? 


DR JAMIESON: I thank the discussants for their comments and 
questions. 

Dr Pelletier, in regard to your question on coronary artery 
bypass, we performed concomitant procedures (approximately 
95% for coronary artery disease) in 525 of our 1,127 patients. 
Coronary artery bypass was performed for hemodynamically 
significant lesions, up to three per patient. 

The older patients, those 70 years of age or more, had a higher 
incidence of thromboembolism. The higher incidence may reflect 
an increased incidence of extracranial cerebrovascular disease. 
The patients were not generally investigated to determine the 
presence or absence of such disease. Thromboembolic events 
were considered valve-related if there were no known precipitat- 
ing factors. Long-term anticoagulation is used after MVR in 
patients with chronic atrial fibrillation. Patients with AVR and 
MVR who are in sinus rhythm are generally not maintained with 
long-term anticoagulation. : 

Dr Akins, your comments regarding the patient group 80 years 
old and older are certainly well taken. The freedom from struc- 
tural valve degeneration and reoperation is exceptional. There 
were 52 patients in this group, and 8 early deaths and 18 late 
deaths. To our knowledge, patients have not been refused 
reoperation. The patient interviews did not reveal mention, 
proposal, or refusal of reoperation. It remains possible that family 
physicians or cardiologists did not give consideration to reoper- 
ation for valve-related complications. 

Dr Okies, the patients in this study were managed without 
aortic root enlargement. Aortic root enlargement is generally not 
performed in our institutions. In the majority of patients, the 
aortic valve size is not smaller than 21 mm. A 19-mm aortic valve 
is occasionally placed in low-weight women with limitation of 
activity level. We previously evaluated functional class by valve 
size, and found no correlation. 
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Internal mammary artery (IMA) bypass grafting to the 
anterior descending coronary artery was performed in 
2,100 patients between January 1978 and July 1986. The 
average number of additional saphenous vein grafts 
(SVGs) per patient was 1.8. During the same period, 
1,753 patients underwent coronary artery bypass grafting 
using an SVG (average number of grafts per patient, 3.2). 
The average patient age was similar: 62.3 years for IMA 
grafts and 64.7 years for SVGs. Men constituted two 
thirds of each group. Left ventricular function was im- 
paired (ejection fraction <45%) in 1,071 (51%) of IMA 
grafts and 847 (48.3%) of SVGs. Other aggregate risk 
factors, ie, elevated blood pressure, diabetes mellitus, 
previous myocardial infarction, and congestive heart 


here is increasing evidence that patients who receive 
one or more internal mammary artery (IMA) grafts 
have improved long-term survival, decreased incidence of 
recurrent angina, and fewer late cardiac-related events 
[1-8]. This historical prospective study was undertaken to 
compare the long-term patency, survival, and incidence 
of recurrent cardiac symptoms in patients who received 
an IMA graft to the left anterior descending coronary 
artery (LAD) as compared with patients who received a 
saphenous vein graft (SVG) to the LAD in addition to 
other bypass grafts. 


Material and Methods 


All patients who have undergone open heart operations 
at St Vincent’s Hospital and Medical Center, New York, 
New York, since January 1978 and at Maimonides Medical 
Center, Brooklyn, New York, since July 1982 have been 
entered into a computerized cardiac surgical data base. 
The data on patients who underwent isolated coronary 
artery bypass grafting with a graft to the LAD were 
analyzed. Patients who did not receive grafts to the LAD 
or who had multiple IMA grafts, reoperative coronary 
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failure, were similar in each group. Operative results and 
postoperative mortality of the IMA and SVG patients. 
were comparable. However, the long-term probability of 
cumulative survival and occlusion-free survival were 
significantly greater and the probability of recurrent 
angina and reoperative coronary artery bypass grafting 
were significantly less in IMA graft patients (p < 0.015). 
The relative risk of occlusion in an SVG was 4 to 5 times 
greater than that of the IMA graft. These data indicate 
that a patent IMA graft to the anterior descending coro- 
nary artery protects against recurrent angina and death 
from cardiac-related causes, and that the IMA should be 
the conduit of choice. 

(Ann Thorac Surg 1989;48:186—-91) 


artery bypass grafting, or combined valve replacement 
with coronary artery bypass grafting were excluded from 
the study. Also, patients who required emergency coro- 
nary artery bypass grafting for cardiogenic shock, acute 
evolving myocardial infarction, or failed percutaneous 
transluminal coronary angioplasty were excluded from 
the study. A total of 3,853 patients who underwent 
coronary artery bypass grafting with a graft to the LAD 
during this time were entered into the study; 2,100 
patients received an IMA graft to the LAD, and 1,753 
patients received an SVG to the LAD. 

Preoperative evaluation included history of diabetes 
mellitus, hypertension, previous myocardial infarction, 
congestive heart failure, smoking, renal failure, and hy- 
percholesterolemia, and family history of heart disease. 
Myocardial infarction was defined as electrocardiographic 
presence of a Q wave that was greater than or equal to 3 
mm in depth and greater than or equal to 0.4 seconds. 


Cardiac Catheterization 

Cardiac catheterization was performed on all patients, 
and included right heart catheterization with determina- 
tion of cardiac output with a thermodilution or Fick 
technique. Left ventricular pressures were measured with 
a catheter inserted into the left ventricle before coronary 
angiography was performed. Ejection fraction was mea- 
sured by a single-plane exposure by the area-length 
method or by gated blood pool scan. 
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Fig 1. Frequency of internal mammary artery graft versus saphenous 
vein graft. 


Coronary artery stenosis was considered clinically sig- 
nificant if there was at least a 70% or greater stenosis in 
the luminal diameter in any view. A stenosis of 50% or 
more in the left main coronary artery was considered 
clinically significant. 


Operative Technique 

All patients had pulmonary artery thermodilution cathe- 
ters inserted before induction of anesthetia. Surgical tech- 
niques consisted of a standard median sternotomy with 
simultaneous removal of saphenous veins alone or.com- 
bined with use of an IMA. Standard cardiopulmonary 
bypass, using either a bubble or membrane oxygenator, 
was employed in all patients. Myocardial protection was 
provided with multidose blood (hematocrit, 15% to 20%) 
potassium (30 mEq/L) cardioplegia combined with topical 
hypothermia. All distal anastomoses were constructed 
during a single period of aortic occlusion, and proximal 
anastomoses were constructed after removal of the aortic 
cross-clamp during rewarming. Inotropic pharmacologi- 
cal support or mechanical cardiac support, or both, was 
used when clinically indicated. Postoperative respiratory 
failure was defined as a patient requiring ventilatory 
support for more than 48 hours, and low cardiac output 
was defined as a patient requiring inotropic pharmacolog- 
ical support to maintain a cardiac index greater than 2.0 
L/min/m? for more than six hours postoperatively. 

The decision to use the left IMA for grafting to the LAD 
was made at the discretion of the operating surgeon. The 
IMA, used infrequently before 1982, is now used in 
almost all patients (Fig 1). 

Repeat cardiac catheterization was performed at the 
discretion of the referring cardiologist and was generally 
performed for recurrent symptoms or simply to assess the 
patency of the grafts. All patients were contacted annually 
for follow-up by nurse-clinicians. Data in this paper 
include follow-up to January 1, 1987. 


Statistical Methods 


The probabilities of recurrent angina, reoperation, and 
late death were estimated using the large-sample actuarial 


ACINAPURA ET AL 187 
IMA BYPASS: ANGINA AND SURVIVAL 


method. Statistical significance was assessed by the Lee- 
Desu statistic with the computations performed by the 
SPSS package [9]. The frequency of occlusion of IMA 
grafts and SVGs was compared by using graft years of 
observation as the unit of measurement. This approach 
accounts for both the varying number of grafts per patient 
and the varying periods of follow-up. Statistical signifi- 
cance was assessed using a normal approximation to the 
binomial distribution [10]. 

The probabilities of occlusion in patients with IMA 
grafts and SVGs were estimated by drawing random 
samples of 100 patients with each procedure, selected so 
that a comparable number of patients with each type of 
bypass graft was included for each year from 1978 to 1982. 
The sample was not extended beyond this point because 
relatively few SVGs were performed after this time. The 
probability of occlusion was limited to occlusions occur- 
ring in the LAD for both types of bypass graft. Analysis of 
differences in the probability of occlusion was performed 
using the Kaplan-Meier estimate, an estimate of the 
cumulative probability of occlusion-free survival that de- 
creases at each exact failure time. The estimated occlusion 
time was taken as one half of the interval during which 
the patient was last observed to be occlusion-free and the 
date of the examination when the occlusion was detected. 

Differences in the probability of occlusion by type of 
operation were assessed by the log-rank test. Three ver- 
sions were used offering different weighing schemes. The 
Mantel-Haenszel test gives equal weight to each failure; 
the Breslow-Gehen weights each failure by the total 
number at risk at the time failure occurs, resulting in 
accordance of greater weight to earlier times. The Tarone- 
Ware version weights by the square root of the total 
number at risk, which also places less weight on later 
failure times [11]. The actual computations were per- 
formed using Systat [12]. Other statistical procedures 
used included Student's t test, x’, and Fisher’s exact test. 
When multiple testing was done, Bonferroni’s inequality 
was used to adjust for multiple-comparison bias [13]. 


Results 


Clinical and Angiographic Features 


Table 1 summarizes preoperative clinical data. There was 
no significant difference between sex and preoperative 
clinical characteristics of patients receiving an IMA graft 
versus those receiving an SVG when adjustment was 
made for multiple-comparison bias. The percentage of 
patients with left main disease and abnormal ventricular 
function was also similar in both groups of patients. There 
was a significant difference in the average ages; the IMA 
group was 2.4 years younger than the SVG group, but this 
difference did not appear to be biologically important 
because, on the average, both groups were aged approx- 
imately 60 to 65 years. 


Operative Results 

Operative results are summarized in Table 2. The mean 
number of grafts performed in both groups of patients 
was similar, as was operative mortality. The postoperative 
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Table 1. Preoperative Clinical and Angiographic Data‘ 


Variable IMA Graft SVG Vaiue 
Total No. of patients 2,100 1,753 
Men 1,428 (68.0) 1,157 (66.0) NS 
Women 672 (32) 596 (34.0) NS 
Mean age (yr) 62.3 + 17.9 64.7 + 19.2 <0.01 
Age range (yr) 36-79 42-82 
Hypertension 793 (37.7) 718 (40.9) NS 
Diabetes mellitus 387 (18.4) 370 (21.1) NS 


Previous myocardial 1,121 (53.4) 981 (56.0) NS 


infarction 

Congestive heart 253 (12.0) 193 (11.0) NS 
failure 

Left main disease 401 (19.1) 378 (21.0) NS 


Ejection fraction 
<45% 


1,071 (51.0) 847 (48.3) NS 








a Numbers in parentheses are percentages. 


IMA = internal mammary artery; NS = not significant; SVG = 


saphenous vein graft. 


complication rate and mortality rate were also similar in 
both groups. 


Follow-up Cardiac Catheterization 


A total of 627 patients or 29.8% of the 2,100 patients with 
IMA grafts underwent follow-up catheterization (Table 3). 
The 2,100 patients with IMA grafts were followed for 
6,121 patient-years, yielding a catheterization rate of 10.2/ 
100 years. This was twice the rate of catheterization 
(555/10,316, or 5.4/100) for the 1,753 patients undergoing 
coronary artery bypass grafting with SVGs (p < 0.001) 
(Table 4). Among the 2,100 patients with IMA grafts, the 
rate of occlusion of the IMA was 4.1/1,000 patient-graft 
years versus 19.9 for the SVG in these same patients. The 
risk of occlusion was 4.9 times higher in the SVG than the 
IMA graft in a given patient (95% confidence interval [CI], 
3.2 to 7.4). In the 1,753 patients with only SVGs, the rate 
of occlusion was 17.1/1,000 graft years of observation, 
which did not differ significantly from the earlier noted 
rate of SVG occlusion (relative risk, 0.86; 95% CI, 0.74 to 


Table 2. Operative Results and Postoperative Mortality" 











Variable IMA Graft SVG 
Mean No. of grafts 2.6 + 1.1 3.1 + 1.0 
Deaths 34 (1.6) 30 (1.7) 
Reoperation for bleeding 23 (1.1) 23 (1.3) 
Perioperative myocardial infarction 43 (2.0) 39 (2.2) 
Mediastinitis 22 (1.0) 16 (0.9) 
Respiratory failure 45 (2.1) 35 (2.0) 
Cerebrovascular accident 24 (1.1) 23 (1.3) 





3 Numbers in parentheses are percentages. There were no significant 
differences between the IMA and SVG groups. 


IMA = internal mammary artery; SYG = saphenous vein graft. 
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Table 3. Follow-up Cardiac Catheterization for IMA Graft 
Patients 








IMA Patent IMA Patent 
Coronary Se SVG 
Year Patients Angiography No. % (%) 
1978 41 30 28 93 78 
1979 72 51 48 94 80 
1980 75 46 43 94 79 
1981 101 71 69 97 85 
1982 105 89 87 98 79 
1983 210 138 134 97 85 
1984 320 100 96 96 86 
1985 544 102 97 95 86 
1986 532 0 
Total 2,100 627 602 96 81 








IMA = internal mammary artery; SVG = saphenous vein graft. 


1.002). Again, SVG patients had a significantly higher risk 
of occlusion compared with IMA patients (relative risk, 
4.1; 95% CI, 2.75 to 6.18). 

The likelihood of occlusion developing in the sample of 
200 patients selected to minimize secular trends is shown 
in Fig 2. In the IMA patients, all occlusions occurred 
within 1 year of operation, yielding a cumulative proba- 
bility of 14%; thereafter, no further occlusions developed. 
In the SVG group, the first occlusion occurred more than 
2 years after operation. However, with time, the proba- 
bility of occlusion in the SVG group increased: at 4 years, 
it exceeded the probability of occlusion in the IMA group, 
and it ultimately increased to 28% throughout the study 
period compared with 14% in the IMA group. The prob- 
ability of developing an occlusion 4 years or more after 
operation was significantly greater in the SVG group (p < 
0.015) by each of the log-rank tests. 


Recurrent Symptoms and Late Mortality 


The cumulative probability of developing recurrent an- 
gina was 30.6% in patients with SVGs alone up to 9 years 


Table 4. Follow-up Cardiac Catheterization for SVG Patients 








SVG 
Coronary Patent 
Patients Angiography SVG 

1978 110 60 45 (75) 
1979 208 71 48 (67) 
1980 402 202 95 (47) 
1981 360 81 69 (85) 
1982 302 64 55 (85) 
1983 201 46 36 (78) 
1984 84 31 28 (90) 
1985 3 43 
1986 46 

Total 1,753 555 376 (68) 





Numbers in parentheses are percentages. 


SVG = saphenous vein graft. 
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Fig 2. Cumulative incidence of occlusion-free survival in sample pa- 
tents (n = 200). 


after operation compared with 18% of patients with IMA 
grafts (Fig 3, p < 0.01). The cumulative probability of 
reoperation either for recurrent symptoms or for compel- 
ling anatomy was 6.2% of patients with SVGs compared 
with 0.5% of patients with IMA grafts (Fig 4, p < 0.005). 
Cumulative mortality from all causes was 22.0% in pa- 
tients with SVGs and 10.0% in patients with IMA grafts 
(Fig 5, p < 0.01). 


Comment 


Clearly this type of retrospective study has a number of 
limitations. First, patients were not prospectively ran- 
domized to receive an IMA graft rather than an SVG. 
Second, the difference in mean follow-up between pa- 
tients who received an IMA graft compared with patients 
who received an SVG can lead to bias from secular trends. 
Third, not all patients have undergone repeat catheteriza- 
tion, nor did patients undergo repeat catheterization at 
similar time intervals. Finally, it was not possible to 
retrieve the data necessary to stratify patients for individ- 
ual risk factors between IMA and SVG patients. 
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Fig 3. Cumulative probability of recurrent angina. 
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Fig 4. Incidence of reoperative coronary artery bypass grafting. 


However, Table 1 shows in aggregate that risk factors 
were comparable among patients with IMA grafts and 
SVGs. The random samples of 100 patients with each 
procedure were selected so that equal numbers with each 
procedure were drawn from each year to reduce bias from 
secular trends. The results from the sample showed an 
increased probability of occlusion in SVG patients as 
length of follow-up increased. Furthermore, when graft 
years of exposure were used as the unit of measurement, 
the likelihood of occlusion in the SVG was 4 to 5 times 
greater than in the IMA. This is consistent with observa- 
tions in other large studies that the IMA has better 
long-term patency than the SVG. In addition, patients 
who receive at least one IMA graft to the LAD have a 
lower incidence of recurrent symptoms; if symptoms do 
recur there is less likelihood of reoperation; and long-term 
survival appears to be better in patients who receive an 
IMA graft to the LAD [1, 4, 6, 8, 10-13]. 

Studies have shown (over a finite time) serial angio- 
graphic arteriosclerotic changes in SVGs, whereas the 
IMA usually remained angiographically normal [1, 5-8, 


14-17}. The early changes in the saphenous vein have 


Percent 
100 
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Fig 5. Cumulative total survival of patients with recurrent angina. 
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been postulated to occur as a result of platelet and fibrin 
deposition on injured vein graft intima [18]. This may 
promote medial muscle cell proliferation and intima and 
intimal hyperplasia. Later, the smooth muscle cells of the 
media may be replaced by fibrous tissué and lipoid 
material may be deposited on the intima. Thus, in time, 
the wall of the saphenous. vein becomes thicker, with 
resultant luminal narrowing. The IMA, on the other 
hand, demoristrates little morphological change and 
maintains its luminal size over time [18]. 

Not all SVGs undergo these changes. Events that con- 
tribute to these changes may be related to intrinsic factors 
(eg, chronic phlebitis, varicosity, small diameter), extrin- 
sic factors, {eg, hypercholesterolemia, hypertriglyceri- 
demia, diabetes mellitus), and technical factors (eg, kink- 
ing, pursestringing of the anastomosis, pericardial 
constriction) [8, 15, 17]. Whether pharmacological inter- 
` vention with antiplatelet drugs or calcium channel block- 
ing agents will effect long-term vein graft patency (greater 
than 5 years) has not yet been determined [19]. 

Why the IMA remains immune to arteriosclerotic 


changes is not completely clear. It has been suggested that , 


this may be due in part to inherent vasoactive properties 
[20]. Experimental studies have shown that the IMA is 
capable of adapting its flow to vasoactive drugs (isopro- 
terenol) [20] and can increase its flow sufficiently. to 
supply a number of coronary arteries when a sequential 
anastomosis is performed [21]. l 

The long-term patency we achieved with the IMA graft 
is consistent with findings in other large series [1-8]. Most 
occlusions occurred within the first year after the patient's 
bypass. In the sample series of 200 patients, most occlu- 
sions occurred éarly in our experience of IMA graft use. 
We believe that this indicates technical problems associ- 
ated with the anastomosis and suggests the existence of a 
learning curve that has not been witnessed since the first 
year of this retrospective study. » 

In this study, as in other studies [5, 6, 8, 21-24] no 
increased incidence of complications was associated with 
dissection and use of the IMA. Clearly, as operating 
surgeons become more familiar with this procedure, it is 
less likely that complications will occur. Nevertheless, for 
some cohorts of patients (elderly, female, obese, diabetic) 
use of the IMA may pose an increased risk of postopera- 
tive morbidity. In some patients, the risk of using bilateral 
IMAs may also be higher. 


. In summary, this study and other studies clearly show 


that patients who recéive in situ IMA grafts to the LAD 
have improved long-term survival, have fewer recurrent 
symptoms, and have fewer late cardiac-related events. In 
addition, patients in whom recurrent angina develops 
probably can be managed medically and will not require 
reoperation. Most likely, this is a result-of the improved 
long-term patency of the IMA: Further study is required 
to determine the long-term efficacy of sequential artery 
grafting, bilateral mammary artery grafting, and free 
mammary artery grafting and also to determine which 
patients (if any) will be prone to increased morbidity with 
‘use of extended mammary artery grafting. 
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DISCUSSION 


DR NOEL L. MILLS (Jefferson, LA): I thank Dr Acinapura for the 
opportunity to review his manuscript describing a retrospective 
study on IMA graft versus SVG to the LAD. 

_ Historically, a survey in 1976 by Miller revealed that only 6% of 
surgeons in the United States were using IMA grafts. Within 
about 5 years, his second survey showed that 13% of surgeons in 
the United States were using the IMAs. By 1985, almost 95% of 
surgeons in the United States were using the IMA almost 
routinely. 

Dr Acinapura concludes from his study that patients who 
receive IMA grafts to the LAD have improved survival, fewer 
recurrent symptoms, and fewer late cardiac deaths. Although 
other data have indicated that these findings may be true, we 
must not conclude that they are true merely on the basis of this 
report. 

In the first 4 years of this study, from 1978 to 1982, most of the 
grafts were SVGs to the LAD. Then, from 1982 to 1986, most of 
the grafts were IMA grafts to the LAD. Therefore, the SVG group 
had twice as long to develop symptoms, to die, and to incur 
cardiac-related events. 

I'd like to congratulate Acinapura and associates on obtdining 
the impressive 30% and 32% recatheterization rates in the two 
patient groups, in view of the need for cost containment. These 
patients underwent recatheterization due to “recurrent symp- 
toms” and “to assess the patency of the grafts.” 

Why was the recatheterization interval at a mean of 3.1 years in 
the IMA group and at a mean of almost 6 years in the SVG group? 
One would expect just the opposite if the IMAs were offering the 
protection suggested, as they had fewer years at risk; ie, most of 
them were in place only since 1982. 

Finally, the mean number of grafts in both groups was three 
per patient. This is not far from the national average of about four 
grafts per patient for elective coronary artery bypass grafting in 
the United States between 1978 and 1982. However, a mean of 


three grafts per patient in the IMA group, most of whom 
underwent bypass grafting in the years between 1982 and 1986, 
is low, and may account for the almost 20% recurrence rate of 
angina in that group. This low figure. may result from some 
incomplete revascularizations in times when patients are being 
referred with more advanced disease. 

We all realize that we are beyond the point of randomizing 
LAD and IMA grafts prospectively. I have been a champion of 
the IMA graft since 1972, but I do think that when we interpret 
these data we must be careful in accepting the authors’ conclu- 
sions. 

The low operative mortality and postoperative morbidity rates 
attest to the excellence of the surgeoris. I congratulate Dr Aci- 
napura on his presentation. 


DR ACINAPURA: I thank Dr Mills for his comments. In regard 
to the shorter time interval in obtaining angiograms in patients 
who have undergone IMA bypass grafting, a substantial number 
of these patients underwent elective coronary angiography 1 to 2 
years postoperatively to assess patency. These patients, if they 
remained asymptomatic, were not restudied again. The other 
patients were miainly studied because of recurrent angina pecto- 
ris. The patency rate, regardless of the time, remained high, in 
the range of 95% to 96%, and the mean duration for follow-up 
angioplasty i is, accordingly, less for this group of patients with 
IMA bypass grafts. 

The mean number of en grafts is somewhat less than the 
national average, and I agree with Dr Mills’ comment that this 
probably relates to the high incidence of recurrent anginal 
symptoms in some of our patients, which is probably the result of 
both incomplete revascularization and progression of the native 
coronary artery disease. We have been somewhat reluctant to 
bypass vessels smaller than 1.5 mm because if and when these 
vessels are bypassed, their long-term patency is certainly sus- 
pect. 
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The records of 24 patients who had a missile retained in 
the heart and who were treated at Grady Memorial 
Hospital from 1968 to 1987 were reviewed. In 22, the 
missile lodged in the heart after its direct injury and in 
the remaining 2, after the bullet injured a systemic vein. 
Immediately after the cardiac injury, 7 of the 22 patients 
were seen with cardiac tamponade (3 also had hemotho- 
rax), 11 were seen with hemothorax, 5 were asympto- 
matic, and 1 was in shock. Seven patients underwent 
emergency thoracotomy; the bullet was removed in 3, but 
in the remaining 4 patients, it was not located. In the 
other 17 patients and in the 4 in whom the bullet could 
not be found during emergency thoracotomy, the diag- 
nosis was suspected from the chest roentgenograms and 
confirmed by cardiac fluoroscopy or angiocardiography. 


he management of patients with a bullet in the heart 
remains controversial. To answer the questions 
whether or not all bullets in the heart should be removed 
and whether those that are not removed are tolerated over 
along period, our experience at Grady Memorial Hospital 
was reviewed. A 


Material and Methods 


During the 19-year period from 1968 to 1987, 24 patients 
with a bullet in the heart were treated at Grady Memorial 
Hospital. All of them wėre male, and age ranged from 16 
to 54 years (mean age, 29 years). In 22 of the patients, the 
missile lodged in the heart after its direct injury. In the 
other 2, the bullet pierced and entered an iliac vein and 
subsequently migrated and became entrapped in the right 
ventricle. Eighteen of the retained missiles were bullets 
.38 caliber or smaller, one was a fragment of a bullet, and 
five were pellets (Table 1). 

Immediately after the injury, 7 patients were seen with 
cardiac tamponade (3 of whom also had hemothorax), 11 
were seen with hemothorax, 5 were asymptomatic, and 1 
was in shock. Eight patients had concomitant intraabdom- 
inal injuries, and 2 other patients had abdominal injury 
resulting onlv in a wound of the iliac vein. The initial 
management consisted of observation of the 5 asympto- 
matic patients and tube thoracostomy i in the patients with 
hemothorax. Seven patients underwent emergency ex- 
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Eight patients with retained bullets underwent elective 
operation; the bullet was removed from 7 atid in 1 it was 
left embedded in the right ventricular septum. AIl 10 
patients who underwent excision of the missile recov- 
ered without complication except 1 in whom pericarditis 
developed, and all were followed for up to 17 years. All 
14 patients with a retained missile in the heart had no 
cardiac symptoms referable to the bullet and were fol- 
lowed for up to 15 years. This experience suggests that 
the management of patients with a bullet of .38 caliber or 
smaller that is retained in the heart should be individu- 
alized according to the patient's clinical course and the 
site of the bullet and that in select patients, bullets left in 
the heart are tolerated well. 

(Ann Thorac Stirg 1989;48:192-4) 


Table 1. Missiles Retained in the Heart and Their 
Management 








Missile Removed Not Removed Total 
Bullet 9 9 18 
Bullet fragment 1 0 l 
Pellets 0 5 5 
Total 10 14 24 





ploratory thoracotomy, 6 for cardiac tamponade (the 
seventh patient with tamponade responded to pericardi- 
ocentesis and operation was delayed for nine days) and 1 
for continuous intrathoracic bleeding. The 8 patients with 
intraabdominal injury underwent exploratory laparot- 
omy. 


Results 


In 3 of the 7 patients who underwent emergency thora- 
cotomy, the missile was removed. Two of the missiles 
were bullets in the pericardial space, and one was a bullet 
fragment, which was excised from the left ventricular 
myocardium. In the other 4 patients, the bullets could riot 
be removed safely; they were thought to be embedded in 
the right ventricle in 2 patients and in the left ventricle in 
2. 

The diagnosis of missile in the heart in the remaining 17 
patients was suspected from the chest roentgenograms, 
which showed a bullet or pellets in the cardiac silhouette. 
This diagnosis was confirmed by angiocardiography in 12 
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patients and by cardiac fluoroscopy in 5. The 4 patients 
who underwent emergency thoracotomy without removal 
of the bullet subsequently underwent angiocardiography 
for localization of the missile. 

Seven of the 21 patients with a retained missile in the 
heart underwent elective operation without cardiopulmo- 
nary bypass, and the bullet was removed. One other 
patient was operated on with the use of cardiopulmonary 
bypass, but the bullet could not be removed safely be- 
cause it was completely embedded high in the ventricular 
septum behind the tricuspid valve. In the remaining 13 
patients, no attempt was made to retrieve the missile. 

Therefore, 10 of the 24 patients, 9 with a bullet and 1 
with a bullet fragment, had excision of the missile (see 
Table 1). The missiles were extracted for several reasons. 
In 3 patients, the missile was easily accessible at the time 
of emergency thoracotomy for cardiac tamponade. The 
bullet was removed in 3 patients because of fear of its 
subsequent embolization, thrombus formation with em- 
bolization, or subsequent development of bacterial en- 
docarditis. In 2 of these patients the bullet was partially 
protruding into the left ventricular cavity, and in the 
other, the bullet was in the right inferior pulmonary vein 
at its junction with the left atrium. In 2 patients, 1 with a 
bullet adjacent to the main pulmonary artery and the 
other with a bullet near the ascending aorta, the missile 
was retrieved because of fear of subsequent erosion of 
these vessels. In the remaining 2 patients, both of whom 
had a bullet in the pericardial space, the missile was 
removed because of fear of subsequent pericarditis. 

In 14 patients, 9 with a bullet and 5 with pellets, the 
missile was not removed (see Table 1). In 5 of these 
patients the missile was completely embedded in the right 
ventricular myocardium; in 3, in the left ventricular myo- 
cardium; and in 2, in the ventricular septum. In 2 other 
patients, the bullet was trapped in the right ventricular 
trabeculations following its migration from the iliac vein 
and in 2 more patients, the missile was in the pericardial 
space. These missiles were left in place because the 
patients did not want to be operated on, because the 
missile could not be safely removed, or because it was 
considered safe to leave the missile in place. 

The 10 patients in whom the missiles were removed 
have been followed for 2 months to 17 years (mean 
follow-up, 4 years). The only complication in this group 
was the occurrence of postoperative pericarditis in 1 
patient. The 14 patients in whom the cardiac missile was 
left in place have been followed from 2 months to 15 years 
(mean follow-up, 5 years; 4 have been followed for 10 
years or more). All these patients were free from symp- 
toms related to the missile. One patient died of alcoholic 
cardiomyopathy 17 months after injury (Table 2). 


Comment 


With the progressive increase in the use of guns as assault 
weapons, the number of patients seen with a bullet in the 
heart is expected to rise. Bullets usually reach the heart 
after a penetrating wound to the heart or, rarely, to a 
systemic vein [1]. After injury to the heart, most missiles 
are either embedded in another organ or leave the tho- 
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MISSILES IN HEART 
Table 2. Results 
Missiles Missiles 
Result Removed Not Removed 
Asymptomatic 9 13 
Postoperative pericarditis 1 0 
Died of alcoholic cardiomyopathy 0 1 





racic cavity. Occasionally, however, at the time of the 
cardiac injury the bullet becomes embedded in the myo- 
cardium or falls into a cardiac chamber or the pericardial 
space. During the 19-year period of this study, we treated 
68 patients with a gunshot wound to the heart. In 22 of 
them, the missile was retained in the heart. 

A missile in the heart can be free in a cardiac chamber, 
partially embedded in the cardiac muscle and partially 
protruding into a cardiac chamber, or completely embed- 
ded in the myocardium. The missile can also be floating 
free in the pericardial space. 

Bullets free in the left cardiac chambers usually embo- 
lize into a systemic artery shortly after entering the 
chamber [2]. Bullets free in the right cardiac chambers, 
particularly the right ventricle, can embolize into the 
pulmonary vascular bed [1] or may remain entrapped in 
its trabeculations indefinitely after they become encysted 
with fibrous tissue [3]. Sometimes, when a right-to-left 
shunt is present at the atrial level, a missile in the right 
atrium can migrate into the left atrium and embolize into 
the systemic arteries. 

Bullets can occasionally reach the right side of the heart 
following an injury to a systemic vein. After entering a 
systemic vein, the missile usually migrates to the heart 
and either occasionally becomes entrapped in the right 
ventricular trabeculations or frequently embolizes into the ` 
pulmonary arterial bed [1]. In 2 of our 24 patients, the 
bullet reached and remained in the heart after an injury to 
an iliac vein and intravascular migration of the missile to 
the right ventricle. 

The immediate postinjury clinical manifestations of 
missiles in the heart are those produced by the cardiac 
wound, ie, cardiac tamponade or intrathoracic bleeding. 
Rarely, patients with a bullet in the heart can have 
symptoms of valvular incompetence, communication be- 
tween the aorta and the heart or pulmonary artery, and 
intraventricular communication or conduction defects, or 
they can be free from symptoms. 

The subsequent manifestations of missiles in the heart 
are dependent on the site, shape, and size. Patients with 
bullets, particularly bullets with smooth edges and less 
than 1 to 2 cm in two of their three dimensions, embedded 
in the myocardium are usually free from symptoms [3-8]. 
Patients with bullets sitting free in a cardiac chamber or 
partially protruding into it can be seen with symptoms 
and signs of systemic or pulmonary embolization of the 
missile or thrombi, or they can be seen with a clinical 
picture of bacterial endocarditis [5, 8, 9]. Patients with 
bullets in the pericardial space can be asymptomatic or 
occasionally they have symptoms and signs of pericardi- 
tis, usually nonsuppurative [3, 10}. 
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Patients with a missile in the heart can also have 
neurotic manifestations of various degrees and character 
[8, 11]. Often they complain of palpitation, or occasionally 
they have a sense of impending death, not unlike that 
found in patients with coronary heart disease [9]. Al- 
though our patients were not asked any specific questions 
to uncover neurotic manifestations and no psychological 
testing was done, none of our patients during follow-up 
described to an examining physician any specific neurotic 
symptoms related to the retained missile. Also none of the 
patients in whom the bullet was not removed had any 
special complaints that could be attributed to the bullet. In 
only 1 patient did pericarditis develop after the bullet was 
removed. 

The diagnosis of missile in the heart or pericardial space 
should be suspected when a metallic foreign body is seen 
in the cardiac silhouette in the initial roentgenogram. The 
diagnosis should be established first by cardiac fluoros- 
copy, and then the site and the degree of the bullet’s 
embedment into the myocardium should be confirmed by 
echocardiography, computed tomography, or angiocar- 
diography [12, 13]. 

In conclusion, our limited experience suggests that the 
management of patients with a bullet of .38 caliber or 
smaller retained in the heart should be individualized. 
Bullets easily accessible at the time of emergency thora- 
cotomy for cardiac tamponade or bleeding should be 
removed. When this is not possible, the site and the 
degree of the embedment of the bullet in the myocardium 
should be confirmed by echocardiography, computed 
tomography, or angiocardiography before management is 
decided. 

Missiles causing any symptoms should be removed. 
Bullets that are .38 caliber or smaller and that are com- 
pletely embedded in the myocardium appear to be well 
tolerated and can be left alone. Bullets partially or com- 
pletely free in a left cardiac chamber should be removed to 
avoid systemic embolization of the bullet or clots or 
subsequent development of bacterial endocarditis. Bullets 
free in the right cardiac chambers should be allowed to 
embolize into the pulmonary artery where they can be 
retrieved without a cardiotomy. Two of our patients with 
a bullet trapped in the right ventricular trabeculations 
after migration through the systemic veins have had no 
problems from the bullet. Nevertheless, perhaps bullets 
trapped or partially protruding into a right cardiac cham- 
ber should be removed during the early postinjury period 
to protect the patient from the possible development of 


Ann Thorac Surg 
1989;48:192-4 


bacterial endocarditis. In an asymptomatic patient with a 
bullet that has been in a right cardiac chamber for a long 
time and in a patient with a bullet in the pericardial space, 
the bullet can be left alone. 

Although most bullets can be found and removed at the 
time of an elective operation, occasionally this is not the 
case, as in 1 of our patients. Perhaps the use of other 
techniques intraoperatively to help precisely localize the 
bullet, such as ultrasonography [14], may be useful in 
these rare instances. 
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Between June 1981 and June 1988, we placed pleuroperi- 
toneal shunts in 16 patients for the management of 
refractory chylothorax on the Pediatric Surgical Service, 
University of Virginia. The cause of the chylothorax was 
caval thrombosis from central venous catheters in 5 
patients, idiopathic in 3, and mediastinal lymphangioma 
in 2, and in 6, it developed after a cardiac procedure. 
Chylothorax in each patient was unresponsive to thora- 
centesis, tube thoracostomy, and dietary manipulations. 
A Denver double-valved shunt system is currently em- 
ployed and is implanted using general anesthesia. Man- 
ual pumping is required postoperatively for several 
months. Twelve (75%) of the 16 patients had excellent 


Ce management of chylothorax has always pre- 
sented a difficult clinical challenge. Regardless of the 
cause, the presence of chylothorax produces respiratory 
compromise secondary to compression of the lung from 
the pleural effusion, and nutritional and immunological 
depletion secondary to the loss of fats, protein, and 
lymphocytes. Patients are initially treated with restriction 
of dietary fats using total parenteral nutrition or oral 
medium-chain triglycerides. Drainage of the pleural fluid 
is accomplished either by thoracentesis or tube thoracos- 
tomy. If these methods fail, surgical therapy is under- 
taken. 

The goal of surgical therapy is twofold: first, to relieve 
the respiratory embarrassment by draining the pleural 
space, allowing reexpansion of the lung, and second, to 
stop the loss of the nutritional elements and immunolog- 
ical cells present in the chyle. Traditionally, there have 
been a number of surgical options available for the treat- 
ment of refractory chylothorax, including chemical pleu- 
rodesis, pleurectomy, and thoracotomy with thoracic duct 
ligation. 

In 1983, our group [1] presented the use of pleuroperi- 
toneal shunts in a group of 5 infants with chylothorax 
secondary to superior vena cava thrombosis. We have 
now used this technique in 16 children. A review of this 
clinical experience forms the basis for this report. 
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results with complete elimination of the chylothorax and 
resolution of symptoms. In 10 of these 12, the shunt has 
been removed. Four had an unsatisfactory result: 3 had 
inferior vena cava hypertension, and 3 were low- 
birth-weight premature infants. Four patients seen early 
in this series required revision of the position of the 
pleural catheter, with successful drainage in each in- 
stance. Pleuroperitoneal shunting is a safe, simple, and 
effective treatment of chylothorax in infants and chil- 
dren. In view of our success in treating chylothorax with 
these shunts, we recommend early shunting before the 
development of nutritional or immunological depletion. 

(Ann Thorac Surg 1989,48:195-200) 


Material and Methods 


Patient Population 


Between June 1981 and June 1988, 16 patients with refrac- 
tory chylothorax were seen on the Pediatric Surgical 
Service at the University of Virginia Health Sciences 
Center. They ranged in age from two days to 16 years. 
The cause of the chylothorax was congenital in 3 and 
acquired in the others (Table 1). 

All 16 patients were initially treated with dietary ma- 
nipulations, either restriction of oral fat intake to medium- 
chain triglyceride oil or placement on total parenteral 
nutrition. The pleural space was drained by thoracentesis 
or tube thoracostomy in each patient. When these meth- 
ods failed to relieve the flow of chyle from the chest tube 
or reaccumulation of chyle within the chest, a pleuroperi- 
toneal shunt was placed. 


Technique 

Early in this series, a Hakam/Cordis low-pressure ventric- 
uloperitoneal shunt catheter system (Cordis Corporation, 
Miami, FL) was used. In 1983, we began to employ a 
specially designed Denver pleuroperitoneal shunt system 
(Codman & Shurtleff, Inc, Randolph, MA), which has 
functioned more effectively. This shunt has a flexible, 
double-valved pumping chamber and appropriately fen- 
estrated afferent and efferent catheters that can be 
trimmed to the proper length. The shunt is manufactured 
with two sizes of pumping chambers. The pediatric cham- 
ber has a pumping volume of 1.0 to 1.5 mL and is used for 
infants less than 4 to 6 months of age. The adult chamber 
pumps 1.5 to 2.0 mL and is used for older patients. The 
valves open at a positive pressure of approximately 1 cm 
H2O, and are designed to prevent retrograde movement 
of the chyle through the system. Manual pumping is used 


0003-4975/89/$3.50 








196 MURPHY ET AL Ann Thorac Surg 
PLEUROPERITONEAL SHUNTS 1989;48:195-200 
Table 1. Summary of Patient Data 
Patient 
No. Age Etiology Treatment Shunt Complication Result 
Idiopathic : 
1 3 mo Idiopathic Drainage, 3 mo Left Pleural revision Cleared 
2 2 wk Hydrops Drainage, 15 days Right None Cleared 
3 6 wk Idiopathic 15 days Right None Cleared 
Acquired: Thoracic Procedure 
1 8 mo TGA, Senning Drainage, 1 mo Right Pleural revision Cleared 
2 2 days Pulmonary atresia, Drainage, 8 days Right None Cleared; died of 
Waterston- cardiac-related 
Cooley cause 
3 18 mo TGA, Senning Drainage, 5 wk Bilateral Pleural revision Cleared 
4 10 mo Atrioventricular Drainage, 15 days Right None Cleared 
canal 
5 12 mo TGA, Senning Drainage, 7 days Bilateral None Cleared 
6 8 mo TGA, Senning Drainage, 8 days Right None Cleared 
Acquired: Caval Thrombosis 
1 2 mo PDA ligation, Drainage, 5 wk Bilateral Exteriorization Failure; died 
central venous 
catheterization 
2 3 mo PDA ligation, Drainage, 5 wk Left None Failure; died 
central venous i 
catheterization 
3 3 wk PDA ligation, Drainage, 4 wk Bilateral Ascites Failure; died 
central venous 
catheterization 
4 6 wk PDA ligation Drainage, 9 days ` Left None Cleared 
5 8 mo Neuroblastoma, Drainage, 14 days Bilateral Exteriorization, Failure 
central venous ascites 
catheterization 
Acquired: Lymphangiomas 
1 “16 yr Lymphangioma Bilateral Pericardial, left None Cleared 
pleurectomy; pleural 
thoracic duct 
ligation 
2 1 mo Lymphangioma Drainage, 1 mo Pericardial, Exteriorization Cleared 
right pleural 








PDA = patent ductus arteriosus; 


to transport fluid from the pleural space into the perito- 
neal cavity, as pleural pressure rarely, if ever, exceeds 
peritoneal pressure under physiological conditions. 

The technique for insertion of the shunt in children 
involves the use of general anesthesia. The affected 
hemithorax is elevated 30 degrees on the operating table 
(Fig 1A). The patient’s chest and abdomen are widely 
prepared and draped. The shunt is soaked for 15 to 30 
minutes in bacitracin solution as the operative procedure 
proceeds. The pumping chamber must be placed along 
the costal margin to provide a firm base for subsequent 
compression (Fig 1B). It is useful to place the shunt over 
the patient’s chest prior to making any skin incisions to 

` plan the route of the afferent and efferent catheters. 

A short transverse incision is made over the lower chest 
in the anterior axillary line (Fig 1C). This incision affords 


TGA = transposition of the great arteries. 


access for the pleural catheter, which is tunneled 2 to 3 cm 
through the subcutaneous tissues. The catheter is placed 
bluntly into the thorax by passing it over the surface of a 
rib and through the intercostal muscles in the middle to 
posterior axillary line (Fig 2A, B). Proper positioning of 
this catheter is critical; it must not be allowed to kink as it 
passes across the chest wall. Through this same incision, 
a subcutaneous pocket is developed inferiorly for place- 
ment of the pumping chamber. 

A second small incision is made over the midrectus 
sheath in the upper abdomen. A tunneling device is 
passed from the abdominal incision to the thoracic inci- 
sion, and is kept directly on the muscle fascia to allow a 
thick subcutaneous covering of the pumping chamber and 
catheter (Fig 2C). The efferent catheter is drawn into the 
abdominal incision, and with traction on this catheter, the 
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pumping chamber is drawn into the subcutaneous pocket 
(Fig 3A). Two sutures can be used to secure the base of the 
pumping chamber to the thoracic fascia, although these 
have not been employed in all cases. 

The anterior rectus sheath is divided transversely, and 
the fibers of the rectus abdominis muscle are split to 
expose the posterior rectus fascia (Fig 3B). A pursestring 
suture of 5-0 Prolene is placed in the posterior fascia, and 
the fascia and peritoneum are opened. Prior to placement 
of the peritoneal catheter, the pumping chamber is repeat- 
edly compreŝsed to confirm effective pumping action and 
proper transport of chyle (see Fig 3A). The efferent 
catheter is then placed into the peritoneal cavity after it 
has been trimmed to approximately 25 cm of catheter 
length in the abdomen (Fig 3C). The anterior rectus 
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Fig 1. Insertion of pleuroperitoneal 

shunt. (A) The affected hemithorax is 

elevated 30 degrees. (B) The two inci- 
` sions are planned to allow the cham- 





j 
! N ` ber to rest on the costal margin. (C) 
SEN A small incision is made over the rib 
sae we in the anterior axillary line, and a 
aes iy . deep subcutaneous pocket is created 
oe inferiorly. 





sheath is closed with nonabsorbable suture material, and 
the rest of the incisions are closed with absorbable subcu- 
taneous and subcuticular sutures (Fig 3D). A postopera- 
tive chest roentgenogram should be obtained to confirm 
proper placement of the pleural catheter (Fig 4). 
Immediately after placement of the shunt, the pumping 
chamber must be compressed from 50 to 100 times an 
hour to completely clear the hemithorax of chyle. This 
frequency of pumping is necessary because of the rela- 
tively small volume delivered with each compression. It is 
important that shunt compression be performed slowly so 
as to allow sufficient time for the pumping chamber to fill. 
The effectiveness of the pleural drainage can be deter- 
mined by plain chest roentgenography or thoracic ultra- 
sonography. Measurement of the abdominal girth should 


Fig 2. Insertion of pleuroperitoneal 
shunt. (A) The pleural catheter is 
tunneled 2 to 3 cm and bluntly 
passed through the intercostal muscu- 
lature. (B) The catheter must be 
carefully passed through the muscula- 
ture at an angle to avoid kinks. (C) 
A second small incision is made over- 
lying the rectus muscle, and the peri- 
toneal catheter is tunneled to this 
incision. 
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Fig 3. Insertion of pleuroperitoneal 
shunt. (A) The pumping chamber is 
drawn into the subcutaneous pocket 
by traction on the peritoneal catheter. 
It is important thar the chamber be 
placed over a rib for a firm base for 
pumping. The charaber can be fixed 
into this position by suturing the base 
to the thoracic fascia. Flow through 
the shunt is confirmed before the peri- 
toneal catheter is inserted. (B) The 
anterior rectus shecth is opened, and 
the rectus abdominis muscle fibers are 
divided. A pursestring suture is 
placed in the posterior rectus fascia. 
(C) The peritoneal catheter is placed 
in the abdominal cavity, and the 
pursestring.suture is secured. (D) 
Both incisions are closed with absorb- 
able sutures, leaving a totally im- 
planted system. 


be recorded for several days after operation to assess the 
amount of fluid transferred to the peritoneal cavity. 

Once the chylous effusion clears, the pumping fre- 
quency is gradually decreased and the parents are taught 
the technique. The patients are usually discharged from 
the hospital on a regimen that includes compression of 
the chamber for approximately 60 times four times daily 
for the first month after discharge. Over the ensuing 2 to 
3 months, the frequency of pumping is further reduced, 
and the catheter system can be removed if the effusion 
does not recur after 1 month of compression of the 
chamber. 


Results 


In 6 of our patients, chylothorax occurred after a cardiac 
procedure. Four of the 6 had a Senning atrial inversion 
procedure for transposition of the great arteries. In a 
neonate, a Waterston-Cooley shunt was created for pul- 
monary atresia, and another infant underwent correction 
of an atrioventricular canal. The cause of the chylothorax 
in these 6 patients was presumed to be sécondary either to 
mediastinal dissection or to superior vena cava hyperter- 
sion due to partial baffle obstruction. Baffle obstruction 
was documented in 2 patients by echocardiography. The 
age of these patients ranged from two days to 18 months. 
The average number of days of chest drainage before 
placement of the shunt was 17. , 

All 6 patients responded completely to pleuroperitoneal 
shunting. Each had rapid clearing of the pleural effusions 
and improvement in respiratory function. Two of these 
infants required bilateral shunt placement for bilateral 
effusions. There was a single death in this group, the 
two-day-old infant requiring palliation for pulmonary 
atresia. A right-sided shunt resolved the chylothorax, but 
the infant died at home several months later of cardiac 
failure. All of the remaining shunts have been removed 
without any recurrence of the chylothorax. Patients in 


Ann Thorac Surg 
1989;48:195-200 





whom chylothorax develops after thoracic surgical proce- 
dures appear to respond particularly well to early pleuro- 
peritoneal shunting. 

The 5 patients with chylothorax developing secondary 
to superior vena cava thrombosis after central venous 
catheterization did poorly compared with the 6 in whom 
chylothorax occurred after operation. The patients in this 
group tended to be small, 4 of the 5 weighing less than 
1,500 g. Their age ranged from 3 weeks to 8 months. Four 
(80%) of the 5 patients in this group failed to respond to 
pleuroperitoneal shunting, and 3 of the 4 died of nutri- 
tional failure. Three of the 4 were premature infants 
operated on early in this series, and each presented 
technical difficulties related to their small size. In 3 of 
them, clinical evidence of inferior vena cava hypertension 
was present, either secondary to congestive cardiac failure 
or concomitant inferior vena cava thrombosis. 

One child with metastatic neuroblastoma had thrombo- 
sis of both the superior and inferior venae cavae from 
multiple intravenous access procedures for chemother- 
apy. Such severe chylous ascites developed after place- 
ment of bilateral pleuroperitoneal shunts that the patient 
required paracenteses to allow effective ventilation. We 
considered placing a subsequent peritoneovenous shunt 
in this patient, but could not locate an adequate vein for 
drainage. He ultimately responded to shunt removal and 
bilateral talc poudrage. It appears that inferior vena cava 
thrombosis or hypertension can constitute a contraindica- 
tion to placement of a pleuroperitoneal shunt, as the 
increased hydrostatic pressure in the inferior vena cava 
appears to impede the absorption of the chyle, resulting 
in the development of chylous ascites. 

All 3 of the patients with idiopathic chylothorax did 
well after pleuroperitoneal shunts were placed. These 
infants ranged from 2 weeks to 3 months in age, arid had 
drained chyle for an average of 40 days prior to shunting. 
The shunt has been removed in each without any recur- 
rence of the chylothorax. 
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Fig 4. (A) Anteroposterior and (B) lateral chest reentgenograms dem- 
onstrating the position of the pleural catheters (C) and the pumping 
chambers (P). Bilateral chylothoraces have been completely evacuated. 


Both of the patients with a mediastinal lymphangioma 
responded to the placement of a pleuroperitoneal shunt. 
The first was a 16-year-old boy with pericardial and 
pleural chylous effusions secondary to an extensive lym- 
phangioma. This patient had previously undergone bilat- 
eral thoracotomies with ligation of multiple lymphatic 
leaks and pleurectomies. A persistent left chylothorax and 
chylopericardium was treated with a pleuroperitoneal 
shunt with the afferent catheter placed across the left 
pleural space into the pericardial space. This patient 
continues to use the shunt 2 vears after its insertion to 
alleviate dyspnea during vigorous exercise. i 

The second patient with a mediastinal lymphangioma 
was seen at birth with pericardial and pleural effusions. 
She underwent placement of a shunt from the pericardial 
space to the peritoneum, but marked bradycardia devel- 
oped with compression of the pumping chamber. The 
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chamber was subsequently exteriorized, and a second 
exteriorized system was placed in the right pleural space 
with rapid and complete clearance of the effusions. She 
was discharged, and the parents compressed the shunt on 
a regular basis. The entire system was removed 8 weeks 
later without recurrence of the effusions. 


Comment 


Chylothorax is an uncommon condition resulting from 
accumulation of lymph in one or both hemithoraces. 
Chylothorax can be classified as either congenital (idio- 
pathic) or acquired. Acquired chylothorax can be second- 
ary to mediastinal malignancies (commonly lymphoma), 
trauma, thoracic operations, caval thrombosis, or medias- 
tinal lymphangiomas. Chyle does not cause pleural in- 
flammation, and symptoms usually relate to pulmonary 
compression [2]. Chyle is considered to be bacteriostatic, 
and infections in these effusions are rare. 

The diagnosis of chylothorax can be confusing in the 
absence of normal oral intake, as was the case with most 
of our patients. The characteristic “milky” appearance of 
the fluid is lost as the fat content of the fluid decreases. 
Chemical analysis of normal chyle reveals a protein con- 
tent of between 2.2 and 5.9 g/dL. The triglyceride content 
ranges between 0.4 and 4 g/dL, depending on the dietary 
intake of fat. The most helpful laboratory test for diagnos- 
ing chylothorax in our experience is the Gram stain and 
cell count. Chyle, even in the fasting patient, contains a 
marked preponderance of lymphocytes (80%) with cell 
counts ranging between 400 and 6,000/mL. 

Unlike serous pleural effusions, which may respond to 
diuretic therapy or alterations in plasma oncotic pressure, 
the treatment of chylous pleural effusions requires more 
aggressive measures. The initial therapy for these effu- 
sions should involve complete drainage of the pleural 
space with thoracentesis or tube thoracostomy. Attempts 
to diminish thoracic lymphatic flow with total parenteral 
nutrition and enteral feedings with medium-chain triglyc- 
erides are also employed [3, 4]. The medium-chain triglyc- 
eride molecules are absorbed directly into the portal 
venous system, bypassing the intestinal lymphatics com- 
pletely. 

Although opinions vary, most authors recommend an 
extended period of conservative management before in- 
stituting operative measures, even though this is often 
accompanied by severe nutritional and immunological 
disturbances. Selle and colleagues [5] have suggested that 
surgical intervention is indicated when the daily loss of 
chyle exceeds 1,500 mL in adults or 100 mL per year of age 
in children for a five-day period, when chyle flow has not 
diminished over a period of 14 days, or when nutritional 
complications appear imminent. It is unclear from the 
small series of patients with chylothorax reported in the 
literature how often nonoperative management is suc- 
cessful, although in the experience of our group [6], only 
1 patient of 20 survived without an operation. 

If conservative therapy fails to resolve the chylothorax, 
several surgical options exist. The technique that has been 
advocated by most is transthoracic ligation of the thoracic 
duct, described by Lampson [7] in 1948. This technique 
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has been reported to be successful in as many as 90% of 
patients but requires an extensive thoracotomy [8, 9]. 
Other techniques suggested in isolated case reports in- 
clude chemical pleurodesis with tetracycline hydrochlo- 
ride or talc and pleurectomy [10, 11]. Both of these 
procedures attempt to create a pleural symphysis and 
develop collateral lymphatic pathways. 

In 1983, our group [1] reported the use of pleuroperito- 
neal shunts in the treatment of refractory chylothorax in 5 
ventilator-dependent premature newborns. Pollock [12] 
had previously described using a pleurovenous shunt in 
the treatment of a patient with a malignant pleural effu- 
sion. The potential for the development of a pneumotho- 
rax, with subsequent air embolus, however, made this 
technique less attractive. Weese and Schouten [13] re- 
ported in 1982 the use of a pleuroperitoneal shunt in 2 
adults with malignant pleural effusions; the results were 
excellent. 

Our experience with this technique in 16 infants and 
children with chylothorax has convinced us to adopt an 
aggressive surgical approach to this problem. Our expe- 
rience indicates the importance of careful patient selection 
for the use of these shunts. If one eliminates the 3 infants 
with inferior vena cava hypertension from the analysis, 
pleuroperitoneal shunts successfully relieved the chy- 
lothorax of 12 (92%) of 13 patients. Chylothorax as a 
consequence of caval thrombosis was reported by Vain 
and colleagues [14] in 1980, and the particularly lethal 
nature of this complication has been noted subsequently 
by several authors [15-17]. Alternative forms of therapy 
must be devised for infants in this category in whom 
pleuroperitoneal shunting fails. 

In this review, specific technical aspects of the insertion 
of the pleuroperitoneal shunts and the postoperative 
management have emerged as critically important. Four 
(25%) of the patients required repositioning of the pleural 
catheter to achieve adequate transport of chyle. In each 
instance, the pleural catheter had kinked as it passed 
through the chest wall. Careful positioning of this end of 
the shunt system and creation of a gently angled tunnel 
through the intercostal musculature are important. We 
have performed this bluntly, although Little and associ- 
ates [18] have advocated using the Seldinger technique. 
Frequent, slow compression of the pumping chamber 
must be performed immediately after operation because 
of the small volumes of the chambers. This has created 
some problems with chest wall pain and interruption of 
the sleep cycle in our smaller patients. Intractable diffi- 
culties necessitated exteriorization of the pumping cham- 
ber in 3 patients, and 1 infant was successfully managed 
at home with exteriorized chambers. We have not en- 
countered reluctance or inability of the parents of our 
patients to pump the chambers on a regular schedule, but 
Little and co-workers [18] had 3 adults who were unable 
or unwilling to compress their own chambers. 

Pleuroperitoneal shunting is a safe and simple method 
for treatment of refractory chylothorax. The insertion of 
these shunts is so much less involved and better tolerated 
than the. conventional practice of thoracic duct ligation 
that earlier- intervention is justified. The shunts have 
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proved to be at least as effective as other surgical meth- 
ods, and provide for retention of the nutritional and 
immunological elements of the chyle. In view of our 
success with these shunts and similar success reported by 
others [18-20] in treating malignant effusions, we recom- 
mend placement of a pleuroperitoneal shunt in any pa- 
tient with documented chylothorax and persistent drain- 
age for more than five days. 
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Esophageal Carcinoma: Surgery Without 
Preoperative Adjuvant Chemotherapy 
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Our experience with 100 consecutive patients with 
esophageal carcinoma treated with surgical intervention 
as the primary method of therapy between 1967 and 1987 
was reviewed. Preoperative chemotherapy was not ad- 
ministered by us. Follow-up was complete for all 100 
patients. Twelve percent of tumors were in the proximal 
third of the esophagus, 21% were in the middle third, 
and 67% were in the distal third. Adenocarcinoma ac- 
counted for 44% of all tumors, squamous cell for 55%, 
and adenosquamous for 1%. Six patients were in stage I, 
14 were in stage II, and 80 were in stage III; no patient 
was in stage IV. Surgical procedures included 85 esoph- 


Ca continues over the most effective means 
to treat carcinoma of the esophagus. Despite recent 
advances in adjuvant therapy, little or no improvement in 
long-term survival has been reported. Surgical therapy 
continues to be the cornerstone of nearly all treatment 
protocols, and is the only consistently effective modality 
for achieving substantial palliation and survival for these 
patients. 

The overall benefit of newer protocols using adjuvant 
therapy remains uncertain. However, operative mortality 
rates of as high as 20% to 30% [1] have prompted some 
authors to advocate resection only if cure can be obtained. 
Reports [2-5] of preoperative adjuvant therapy producing 
improved resectability, decreased host tumor burden, and 
improved 2-year survival have been published, but they 
describe relatively few patients and show only a small or 
no improvement in outcome. 

Our philosophy is to offer curative resection to patients 
with carcinoma of the esophagus at all levels—cervical, 
midthoracic, and distal—who have no obvious metastatic 
disease [6]. We do not advocate preoperative chemother- 
apy or radiotherapy; rather we consider them only for 
unresectable lesions or for postoperative application in 
patients with nodal disease. Our goal is to rapidly restore 
the patient's ability to swallow and improve his or her 
quality of life while attempting to prolong survival as far 
as possible. 

In view of recent reports describing improved resect- 
ability and survival with adjuvant chemotherapy or radi- 
ation therapy, we elected to review our experience at 
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agogastrectomies with primary anastomoses, 11 with 
colon interposition, and 4 with Roux-en-Y small-bowel 
interposition. Six patients had radical laryngopharyngo- 
esophagectomy with gastric or colopharyngeal anastomo- 
sis. Operative mortality was 3%. The mean survival of 
stage I patients was 182 months; stage II patients, 25 
months; and stage III patients, 18 months. Our data show 
that surgical resection without preoperative adjuvant 
chemotherapy remains the cornerstone of therapy for 
patients with carcinoma of the esophagus. 


(Ann Thorac Surg 1989;48:201-5) 


Emory University Hospital with 100 consecutive patients 
treated with surgical intervention as the primary thera- 
peutic modality. We intended to determine if our results 
with aggressive surgical therapy alone were surpassed by 
the results obtained employing newer adjuvant tech- 
niques. Our population was analyzed by both tumor stage 
and histology to determine factors contributory to sur- 
vival. 


Material and Methods 


The records of 100 patients with esophageal carcinoma 
treated at Emory University Hospital by one of us 
(K.A.M.) from 1967 to 1987 were retrospectively re- 
viewed. Follow-up was complete for all 100 patients, and 
all were followed for up to 18 years or until death. 

All patients were preoperatively staged by clinical, 
radiographic, and endoscopic means. Curative or pallia- 
tive operative intervention was offered to all with pre- 
operative stage I, I, or II disease as defined by the 
American Joint Commission on Cancer [7]. 

Surgical procedures included 85 esophagogastrectomies 
with primary esophagogastric anastomoses, 11 esophago- 
gastrectomies with colon interposition, and 4 esophago- 
gastrectomies with Roux-en-Y small-bowel interposition 
in patients with a previous gastrectomy. Six patients 
underwent radical laryngopharyngoesophagectomy with 
gastric or colopharyngeal anastomosis. 

Our technique of transthoracic esophagogastrectomy 
using a midline abdominal incision and right thoracotomy 
incision was the same throughout the series. The esoph- 
agus was divided some 10 cm proximal to the palpable 
margin of the tumor. When extramural extension was 
encountered, en bloc resection of the tumor, “witht the 
adjacent nodes was performed. All esophageal anatomo; » 
ses were made using a double layer of interrupted > o als" 


k 
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Table 1. Patient and Tumor Characteristics 
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Location in Esophagus Type of Carcinoma 
Stage No. of Patients Male: Female Proximal Middle Distal Adenocarcinoma Squamous Cell 
I 6 3:3 1 2 3 1 5 
H 14 10:4 3 11 9 
m 80 62:18 11 16 53 38 41 
Total 100 75:25 12 21 67 44 55 





* One patient had adenosquamous cancer. 


A pyloroplasty was performed in all patients with esoph- 
agogastric anastomosis. 

Parenteral hyperalimentation was begun immediately 
postoperatively if it had not been initiated before opera- 
tion. A routine esophagogram was obtained by the sev- 
enth postoperative day, and if no leak was demonstrated, 
oral feedings were started. All patients who were dis- 
charged from the hospital tolerated a regular diet well. 

Adjuvant therapy was administered, often outside the 
protocol, by the referring physicians. Fourteen patients 
received preoperative external-beam radiation therapy 
(stage I, 1 patient; stage IL, 3 patients; stage III, 10 
patients) consisting of 2,000 rads, and 2 patients received 
preoperative chemotherapy with no response. Postoper- 
ative adjuvant therapy was offered to all patients with 
residual disease or positive mediastinal cr celiac lymph 
nodes. Thirty-four patients (stage L, 5; stage II, 7; stage II, 
22) received postoperative radiation therapy, 2,000 to 
5,000 rads. Twelve patients (stage I, 2; stage IH, 10) 
received postoperative chemotherapy including 5-fluo- 
rouracil, methotrexate, cis-platinum, mitomycin-C, or 
Adriamycin (doxorubicin hydrochloride). Four stage II 
patients received both radiation therapy and chemother- 
apy after operation. The remaining patients received no 
adjuvant therapy. 

The Kaplan-Meier survival curves and median survival 
times for each group were determined using the EMOPIL 
Life Tables and Survival Functions software package 
(EMOP Statistical Software, Inc, Los Angeles, CA). Sta- 
tistical significance was determined by the generalized 
Wilcoxon (Breslow) [8] and Savage (Mantel-Cox) [9] tests. 


Results 


One hundred camplete charts were available for review. 
A3:1 male to female predominance was found. The mean 
age was 61 years (age range, 31 to 84 years). Patient and 
tumor characteristics are shown in Table 1. Twelve per- 
cent of all tumors were located in the proximal third of the 
esophagus, 21% in the middle third, and the remainder in 
the distal third. Adenocarcinoma accounted for 44% of all 
tumors, the majority being found in the distal third of the 
esophagus. Squamous cell carcinoma accounted for 
nearly all stage I tumors, while adenozarcinoma and 
squamous cell carcinoma occurred with nearly equal fre- 
quency in stage IH patients. Six patients had only mucosal 
disease; two of the lesions were in situ lesions. 

The actuarial 5-year survival of all patients is shown in 





Figure 1. The mean actuarial survival of all stage I patients 
was 182 months, which is significantly greater than the 
survival of those with either stage IJ (25 months) or stage 
Il disease (18 months) (Table 2). Survival of stage I 
patients was markedly skewed by the long-term survival 
(216 months) of 1 patient. Nonetheless, survival of all 
patients in this group was significantly better than that of 
stage II or III patients. Although we found a numerically 
better actuarial survival for stage II compared with stage 
Ill patients, the difference was not significant, and fur- 
thermore, median survival for each stage was quite simi- 
lar (stage II, 8 months; stage IN, 8 months). 

Survival was analyzed by histological group (see Table 
2). Combined actuarial survival for patients with stages I, 
I, and II squamous cell carcinoma (29.5 months) was not 
significantly different from survival for all patients with 
adenocarcinoma (28 months). 

Survival was next analyzed with reference to type of 
treatment (see Table 2). Evaluation of patients in stages I 
and III with adenocarcinoma treated by surgical interven- 
tion plus adjuvant therapy showed a survival approxi- 
mately two times that of patients with adenocarcinoma 
treated with operation alone. However, this difference 
was not significant by either the Wilcoxon or Savage 
method of analysis. Furthermore, the median survival for 
each of these groups was nearly identical (10 months 
versus 13 months), which indicates the data for the 
adenocarcinoma group given adjuvant therapy was 
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Fig 1. Actuarial 5-year survival for all 100 consecutive patients hav- 
ing resection of esophageal carcinoma from 1967 to 1987. 
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Table 2, Survival Characteristics 
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Median Survival p Value 
Variable No. of Patients Survival? (mo) (mo) (Wilcoxon, Savage) 
Stage 0.067, 0.002 
I 6 182.2 + 43.7 68 
I 14 25.0 + 8.9 8 
HI 80 17.7 + 3.7 
Tumor histology (all stages) 0.100, 0.140 
Squamous cell 55 29.5 + 9.8 8 
Adenocarcinoma 44 28.0 + 6.4 13 
Adenosquamous 1 
Treatment (stages II and IH 
combined) 
Adenocarcinoma 0.900, 0.430 
Surgery 18 17.1 + 2.9 13 
Surgery + postop 25 35.8 + 10.9 10 
adjuvant treatment 
Squamous cell carcinoma 0.020, 0.140 
Surgery 25 12.5 + 2.4 7 
Surgery + postop 25 15.3 + 6.2 4 
adjuvant treatment 
Contribution of postop 0.110, 0.900 
adjuvant therapy (stages II 
and HI combined, 
adenocarcinoma and 
squamous cell combined) 
Surgery 43 14.5 + 1.9 8 
Surgery + postop . 50 24.4 + 6.1 6 
adjuvant treatment 
* Data are shown as the mean + the standard error of the mean. 
skewed by a single survivor at 132 months. A nearly equal Table 3. Complications 
survival was found for patients with squamous cell carci- 
noma treated by operation plus adjuvant therapy com- Complication ances Late 
pared with patients treated by surgical intervention alone 
(15.3 months versus 12.5 months). The median survival Major 
for each group was similar and was poor in each instance. Death 3 5 
Therefore, survival of patients with either tumor histology Anastomotic leak 6 0 
was essentially unchanged by the adjuvant treatment. Colon segment necrosis 1 0 
To evaluate the overall contribution of adjuvant therapy Änastomotic strictüre 0 9 
to survival without regard for histology, combined stage II eon ae d 3 a 
and III patients who underwent surgical resection alone A ESPE I AA TESS SYA ee 
were compared with those treated with both surgical Pulmonary embolus 1 0 
intervention and adjuvant therapy (see Table 2). Despite Pneumonia 2 0 
an approximately 60% numerical survival advantage for Myocardial infarction 1 0 
patients who received adjuvant therapy, the difference Acute renal failure 3 0 
was not significant by either method of analysis. Further- Minor 
more, the median survival of each group was nearly the Gastroesophageal reflux 0 5 
same (8 months versus 6 months). Survival of the adju- Small bowel obstrüction 0 3 
vant treatment group was skewed by the data for 2 Enterocdtanéoùs Rebs 0 i 
patients, 1 who survived for 82 months and 1 who Costoéhondats i 0 
survived for 98 months. 
Syndrome of inappropriate 1 0 


Complications not directly caused by the tumor per se 
are shown in Table 3. Some patients experienced more 


secretion of antidiuretic hormone 


204 MANSOUR AND DOWNEY 
ESOPHAGEAL CARCINOMA 


than one complication. The 30-day mortality was 3% (3 
patients). Two patients died of sepsis from anastomotic 
leakage, and 1 patient died intraoperatively of a myocar- 
dial infarction. There were 5 late deaths, all of which were 
unrelated to tumor; 1 death due to suicide, 1 death due to 
hepatitis at 13 months, and 3 deaths due to atherosclerotic 
disease (two myocardial infarctions, one at 3 and one at 6 
months, and one cerebrovascular accident at 2 months). 
Anastomotic stricture was the most frequent late compli- 
cation (9%), and was successfully managed in all in- 
stances by endoscopic dilations. 


Comment 


. Despite the advent of protocols involving preoperative 
and postoperative chemotherapy and radiation therapy, 
survival of patients with esophageal cancer remains poor. 
Although adjuvant modalities have been associated with 
modest response rates and improved tumor resectability 
[2, 3, 10, 11], prolonged survival has not yet materialized. 
Surgical resection remains the cornerstone of immediate 
palliation, and provides the definitive means of treatment 
and the best opportunity for cure. 

Review of our series of consecutive surgical patients 
confirms the well-described differentiation in patient sur- 
vival related to tumor stage. For patients with stage I dis- 
ease, prolonged survival and even cure can be achieved, 
eg, 2 of our patients with in situ carcinoma were cured by 
surgical treatment. alone. Similarly, excellent long-term 
survival was achieved with surgical treatment alone in the 
remaining stage | patients, and none of these patients 
have subsequently had recurrent disease. 

In contrast, spread of disease beyond the mucosa into 
the esophageal wall (stage II) or beyond (stage II) is 
associated with a marked reduction in patient survival. 
The dismal effect on survival when there is tumor pene- 
tration beyond the mucosa suggests a systemic disease 
that is not curable by aggressive local resection. 

Because the overwhelming majority of deaths result 
from systemic disease, the only foreseeable hope for 
prolonged survival of advanced-stage patients appears to 
be the development ofan adjuvant therapy that can 
successfully eradicate the systemic tumor. Recent enthu- 
siasm for combination preoperative chemotherapeutic 
protocols is encouraging, but to date, the results are 
inconclusive. Using such methods, some authors [10, 12] 
have described a reduction in tumor bulk or complete 
disappearance of tumor on postoperative histological ex- 
amination, and resectability is therefore said to be im- 
proved. However, an improvement in systemic disease 
status has not yet materialized, and neither has long-term 
survival been noticeably improved. In addition, because 
of the recent development of these protocols, long-term (5 
to 10 years) follow-up remains unavailable. 

The other drawbacks of preoperative chemotherapy 
have been incompletely addressed. Factors that must be 
considered include substantial prolongation of hospital- 
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ization, delay in relief of obstructive symptoms, the toxic 
side effects of these agents, secondary delay in recovery 
from operation, and the increased financial cost of these 
protocols, particularly in view of the continuing dismal 
survival data. 

Therefore, aggressive surgical resection continues to be 
the cornerstone of treatment for esophageal carcinoma. 
Our data show patients can be offered nearly immediate 
palliation of tumor-induced obstructive symptoms with 
minimal short-term and long-term morbidity plus a 2-year 
and 5-year survival that is not improved with the use of 
adjuvant preoperative therapies. Although we believe 
prolonged survival in advanced-stage patients will be 
attained only by effective systemic treatments, such treat- 
ments have not yet materialized. Proposed preoperative 
adjuvant therapies will remain investigational until pro- 
spective randomized clinical trials confirm that multimo- 
dality therapy is superior to surgical resection alone. 
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INVITED COMMENTARY 


This report includes 6 patients with cancers that involved 
only the mucosa; they account for the outstanding results 
from resection of stage I disease. Operation without 
adjuvant therapy is certainly the current treatment of 
choice for such patients. Patients wih stage II and Ill 
cancers comprised 94% of the series, and about 60% of 
these patients died within 1 year of resection. Therefore, 
the success of treatment should be judged on the basis of 
the speed and ease with which it becomes effective. 
Before preoperative or postoperative adjuvant or alter- 
native therapy can be considered standard, it must relieve 
dysphagia as promptly as resection, and it must improve 
the long-term cure rate. Based on these criteria, adjuvant 


therapy does not yet qualify either to delay resection or to 
add notable morbidity (or inconvenience) during the 
usually brief period of palliation. Adjuvant treatment 
should be employed primarily in the context of well- 
controlled studies designed to compare results with their 
use against the direct approach of proceeding promptly 
with resection as the treatment of choice. 


John R. Benfield, MD 

Division of Cardiothoracic Surgery 
University of California, 

Davis School of Medicine 

4301 X St 

Sacramento, CA 95817 





Notice From the Southern Thoracic Surgical Association 


The Thirty-sixth Annual Meeting of the Southern Thoracic 
Surgical Association will be held at the Phoenician Golf 
and Tennis Resort, Scottsdale, AZ, November 9-11, 1989. 
There will be a $155 registration fee for the Scientific 
Session for nonmember physicians except for guest 
speakers, authors and coauthors on the program, and 
residents. There will be a $50 registration fee for attendees 
of the Postgraduate Course, which will be held the 
morning of Thursday, November 9, 1989. The Postgrad- 
uate Course will provide in-depth coverage of thoracic 
surgical topics selected primarily as a means to enhance 


and broaden the knowledge of practicing thoracic and 
cardiac surgeons. 

Advance registration forms, hotel reservation cards, 
and details regarding transportation arrangements will be 
mailed to Association members. Nonmembers should 
write to the Secretary-Treasurer, Gordon F. Murray, MD. 


Gordon F. Murray, MD 
Secretary-Treasurer 

Southern Thoracic Surgical Association 
111 East Wacker Drive 

Chicago, IL 60601 


Extracorporeal Membrane Oxygenation for 
Circulatory Support After Repair of Congenital 


Heart Defects 
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William McAlister, MD, and Thomas L. Spray, MD 


Divisions of Pediatric Cardiology, Neurology, and Cardiothoracic Surgery, and the Mallinckrodt Institute of Radiology, St. Louis 
Children’ s Hospital, Washington University Medical Center, St. Louis, Missouri 


Extracorporeal membrane oxygenation was used for car- 
diovascular support in 13 infants and children with 
complex congenital heart disease and 1 premature neo- 
nate treated in preparation for pericardial patch tracheo- 
plasty for long-segment tracheal stenosis. Nine patients 
were weaned from extracorporeal membrane oxygen- 
ation. There were five (36%) early deaths and four (29%) 
late deaths. Cannulation sites included right carotid/ 
jugular vessels, femoral artery and vein, and right atrium 
and aorta. In 4 patients, the neck vessels were repaired at 
decannulation. Five survivors had normal growth and 
neurodévelopmental evaluations at follow-up. Extracor- 


entricular assist devices and balloon counterpulsation 

have been successfully used in adult patients’ for 
treatment of cardiogenic shock after cardiac operations. 
Such devices have had only limited use in the pediatric 
population due to size and technical problems as well as 
device failures [1-4]. Although the total number of pa- 
tients has been small, a few reports [5-12] have described 
pediatric patients who experienced life-threatening refrac- 
tory cardiopulmonary failure after repair of congenital 
heart disease and who were treated with extracorporeal 
membrane oxygenation (ECMO) for biventricular sup- 
port. 

‘Since July 1985, we have treated more than 70 pediatric 
patients with ECMO. Fourteen of these patients were 
treated with extracorporeal oxygenation for cardiorespira- 
tory support in the perioperative period. This article 
outlines our experience and includes follow-up of 6 sur- 
vivors. 


Material and Methods 


Patient Population 

Between July 1985 and November 1988, 14 patients were 
placed on ECMO for cardiopulmonary support in the 
perioperative period (Table 1). Eight were male and 6 
were female; age ranged from two days to 7.4 years (mean 
age, 1.42 years). The patients had a variety of complex 


Presented at the Thirty-fifth Annual Meeting of the Southern Thoracic 
Surgical Association, Marco Island, FL, Nov 10-12, 1988. 
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poreal membrane oxygenation can be successfully used 
as biventricular support in patients with intractable low 
cardiac output syndrome after repair of congenital heart 
disease. Best results are obtained in patients who have 
several hours of stability after operation before initiation 
of support. Hemorrhagic complications are reduced and 
long-term neurodevelopmental outcomes appear promis- 
ing with right neck vessel cannulation and repair. No 
bleeding complications were observed in patients cannu- 
lated through the neck vessels. 


(Ann Thorac Surg 1989;48:206-12) 


congenital cardiopulmonary defects. In 12 patients, the 
indications for initiation of ECMO ‘support included pro- 
gressive hypotension, increasing ventricular filling pres- 
sures, poor peripheral perfusion, decreased urinary out- 
put, and decreased mixed venous oxygen saturations 
despite maximal pharmacological support. Five patients 
experienced refractory junctional tachycardia as part of 
low cardiac output syndrome. An additional patient (pa- 
tient 3), a 1.1-kg 30-week estimated gestational age pre- 
mature neonate was placed'on ECMO on day 17 of life 
in preparation for a pericardial patch tracheoplasty for 
congenital long-segment tracheal stenosis. This infant's 
condition was severely unstable, with hypotension, aci- 
demia, hypoxemia, and hypercarbia (arterial carbon diox- 
ide tension > 260 mm Hg), and he was placed on ECMO 
support for resuscitation. After confirmation of adequate 
neurological function, repair of the trachea was per- 
formed using ECMO for ventilatory support. Extracorpo- 
real membrane oxygenation was continued for six days 
after surgical repair of the trachea. Patient 13 was placed 
on ECMO preoperatively for circulatory support of biven- 
tricular failure secondary to congenital mitral regurgita- 
tion. 

The ECMO circuit described by Bartlett and colleagues 
[13, 14] and used in our institution for neonatal pulmo- 
nary support was used for all postoperative patients. A 
SciMed. (0.8 m?) membrane oxygenator and Omnitherm 
heat exchanger (SciMed Life Systems, Minneapolis, MN) 
were connected to a 4-inch (10.16 cm) Polystan Verticlude 
direct drive roller pump (Polystan A/S, Copenhagen, 
Denmark) by ; Linch (6.35 mm) tubing. The pump was 


Ka 
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Table 1. Patient Characteristics 











Time to 
Patient Age ECMO 
No. (yz) Diagnosis (h) 
1 4.8 AV canal, tetralogy 72 
2 3.3 EFE, transplant 4 
3 17 days Tracheal stenosis, PDA Preoperative 
4 7.4 Single ventricle, Pul Atr 1 
5 0.5 AV canal, DORV 8 
6 12 Single ventricle, Pul St 12 
7 8days Hypoplastic left heart OR 
syndrome 
8 0.4 AV canal, CoA, Pul HTN 8 
9 0.2 TGA, VSD OR 
10 13 days Truncus arteriosus 7 
il 1.3 Tetralogy 25 
12 0.6 Tetralogy OR 
13 10 days Congenital MR, Pul HIN Preoperative 
14 2days IAA-B ' OR 
Mean 1.42 11.4 
Ao = aorta; AV = atrioventricular; Car = internal carotid; 


= endocardial fibroelastosis; 
OR = operating room; 
pulmonary stenosis; 


Fem = femoral; 
PDA = patent ductus arteriosus; 
RA = right atrium; 


servo-controlled by a silicone venous reservoir in contact 
with a switch that automatically inactivates the roller 
pump if reservoir volumes fall below a preset level. A 
recirculating water heater was connected to the heat 
exchanger and temperatures were maintained at 38°C. 
Initial flow rates were set at 100 to 120 mL/kg/min. The 
patients’ blood gases were monitored and adjusted by 
altering the sweep rate and composition ‘of the gases 
passing across the membrane. After heparin anticoagula- 
tion (1.5 mg/kg), the activated clotting times were moni- 
tored and heparin infusions were adjusted to maintain the 
activated clotting times at 200 to 220 seconds. 

Three cannulation sites were used for the venoarterial 
bypass. In 5 patients a transthoracic approach was used. 
Cannulas were placed in the aorta and right atrium 
directly. In 3 of these patients who ‘required ECMO 
support after they could not be weaned from cardiopul- 
monary bypass, the same bypass cannulas were left in 
place and connected to the ECMO circuit in the operating 
room. The cannulas were then brought through the 
sternotomy, and the sternum was loosely approximated. 
Femoral artery and vein cannulation was performed 
through a groin incision in 2 patients. The right common 
carotid artery and internal jugular vein were cannulated 
through a lateral neck dissection on the right in the 
remaining 7 patients; in 1 patient (patient 14) by extension 
of the median sternotomy incision. Four patients under- 
went vascular repair of the carotid artery and jugular vein 
at the time of decannulation. 


CoA = coarctation of the aorta; 
IAA-B = interrupted aortic arch type B; Jug = internal jugular; 
Pul Atr = pulmonary atresia; 
TGA = transposition of the great arteries; 
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Time on 
ECMO 

(h) Cannulation Weaned Outcome 

144 Fem/Fem + Hospital death (18 

days) 

121 Ao/RA F Hospital death {2 days) 
87 Car/jug + Hospital death (10 mo) 
46 Fem/Fem = Died 

117 Car/Jug + Survived 
59 Car/Jug + Survived 

6 Ao/RA = Died 

108 Carjug + Survived 
31 Ao/RA = Died 
58 Carffug + Survived 
47 AofRA + Survived 
56 Ao/RA a Died 

269 ~ Car/ug - Died 

142 Car/Jug + Hospital death (12 


days) 


DORV = double outlet right ventricle; EFE 
MR = mitral regurgitation; 
Pul HTN = pulmonary hypertension; Pul St = 
VSD = ventricular septal defect. 


After initiation of ECMO support, inotropic agents 

were rapidly decreased to low levels or discontinued and 
ventilatory rate and oxygen settings were reduced. Vaso- 
dilator therapy could often be instituted or increased after 
biventricular support with ECMO was started. 
' Echocardiographic and hemodynamic measurements 
were observed during brief periods of decrease in ECMO 
flow for evaluation of recovery of cardiac function. When 
the patient exhibited stable hemodynamics during trials of 
low flow, gradual weaning of flow rates to less than 100 to 
200 mL/min with adjustment of ventilation and inotropic 
support was performed. Decannulation and vascular re- 
pair were performed in the intensive care unit for all 
patients except patient 14, who was stable and trans- 
ported back to the operating room for decannulation of 
the neck vessels through median sternotomy incision nand 
vascular repair. 

Six patients were examined on follow-up 1 to 12 months 
after operation. Full neuromuscular examinations and the 
Denver Developmental Screening Tests were performed 
in 5. In 5 patients who had carotid-jugular cannulation, 
duplex Doppler examinations [15-17] of the neck vessels 
were performed with a range-gated pulse Doppler system 
(Acuson 128) with a 5-MHz linear phased-array trans- 
ducer. Color-flow Doppler echocardiography was per- 
formed (Quad 1; Quantum Medical Systems) with a 7.5- 
MHz linear phased-array transducer. The circle of Willis 
was examined by color-flow Doppler echocardiography in 
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patient 10 (neck vessels ligated) to evaluate the cerebral 
blood flow pattern. 


Results 


In our series, 12 patients had a time interval from opera- 
tion to initiation of ECMO support of 0 to 36 hours (mean, 
11.1 hours). Two patients were placed on ECMO before 
operation (Table 1). Peak flow rates were 0.8 to 2.4 
L/min/m’. The duration of ECMO support ranged from 6 
to 269 hours (mean, 92.2 hours). 

Nine of 14 (64%) patients were successfully weaned 
from ECMO, Five patients who could not be weaned from 
the device died (36%). Three patients who could not be 
weaned from cardiopulmonary bypass died in the oper- 
ating room, 1 after a Norwood procedure for hypoplastic 
left heart, 1 after a Senning repair of transposition of the 
great vessels and closure of multiple ventricular septal 
defects, and 1 after reoperation for residual inlet-type 
ventricular septal defect and tetralogy of Fallot. Patient 4 
was started on ECMO only one hour after completion of a 
central aortopulmonary shunt for palliation of univentric- 
ular heart with pulmonary atresia and severe cyanotic 
cardiomyopathy. She experienced intraoperative hypo- 
tension, bradycardia, and cardiac arrest. External chest 
massage was continued while the patient was placed on 
ECMO through the groin. Bleeding from the cannulation 
site, surgical lines, and endotracheal tube was excessive. 
The patient did not recover neurological function, and 
ECMO was discontinued. An additional patient was 
placed on ECMO for biventricular support for congenital 
mitral and tricuspid valve insufficiency and pulmonary 
hypertension in preparation for mitral valve replacement, 
which was successfully accomplished with carotid/jugular 
cannulas for perfusion during -operation. Despite im- 
provement in cardiac function, pulmonary hypertension 
did not resolve after valve replacement and the patient 
died shortly after being weaned from ECMO ten days 
later. 

Four (29%) deaths occurred in the 9 patients success- 
fully weaned from ECMO. The first patient experienced 
biventricular failure and progressive renal failure after 
repair of double-outlet right ventricle with pulmonary 
stenosis and inlet-type ventricular septal defect. He un- 
derwent dialysis while on ECMO; renal function returned 
while he was on ECMO therapy. Serious gastrointestinal 
bleeding and seizures complicated his course, and cannu- 
lation through the femoral vessels resulted in leg ischemia 
requiring fasciotomies. Although he was successfully 
weaned from ECMO and ventilatory support, an over- 
whelming fungal infection developed and he died 18 days 
later. Patient 2 died two days after ECMO decannulation 
after an acute elevation of pulmonary artery pressure with 
a resultant low output and hypoperfusion. Bleeding 
around the transthoracic cannulas also complicated her 
ECMO course. Patient 3 died 10 months after ECMO of 
bronchopulmonary dysplasia and chronic respiratory fail- 
ure unrelated to ECMO. The fourth patient (patient 14) 
required support in the operating room after she could 
not be weaned from bypass after repair of interrupted 
aortic arch and ventricular septal defect. She died 12 days 
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Table 2. Cannulation Follow-up 


Patient 
No. Site Repair Doppler 
3 Neck + Not studied 
5 Neck + ` Normal flow, 40% narrow 
6 Neck + Normal 
8 Neck + Normal flow, 40% narrow 
10 Neck 7 Retrograde flow through 
left vessels 
11 Transthoracic = Not studied 
14 Neck + Normal 


after ECMO decannulation secondary to repeated pulmo- 
nary hypertensive crises. 

Of the 9 patients weaned from ECMO, 5 (36%) are late 
survivors. Two of these patients were placed on ECMO 
eight hours after atrioventricular canal defect repair (Table 
1). Both had pulmonary hypertension preoperatively. 
Twelve hours after septation procedure and right ventric- 
ular outflow patch placement of univentricular heart and 
pulmonary stenosis, patient 6 required ECMO for low 
cardiac output syndrome. In patient 10, refractory su- 
praventricular tachycardia and cardiac arrest developed 
seven hours after repair of truncus arteriosus type I. She 
was placed on the device while cardiopulmonary resusci- 
tation was continued. Patient 11 had refractory right 
ventricular failure after repair of tetralogy of Fallot and 
required ECMO 25 hours after operation. 

Six patients were evaluated 3 to 12 months after ECMO. 
Five had normal neurological and motor examinations. 
One had mild gross motor delay. Development was 
otherwise appropriate for age. None of the patients had 
residual seizure activity, and none were taking anticon- 
vulsive medications at follow-up. 

The cerebral vessels of 5 patients were examined using 
Doppler ultrasonography (Table 2). Patients 6 and 14 were 
normal. Patients 5 and 8 had slight narrowing of the 
carotid artery at the surgical site just below the carotid 
bulb. The carotid artery was 4 mm in diameter below the 
surgical site and 3 mm in diameter at the surgical site (Fig 
1). No turbulent flow was noted in either patient. Patient 
5 had a small piece of tissue protruding into the carotid 
vessel lumen at the anastomosis site. The internal jugular 
veins had normal flow; diameters could not be assessed. 
Patient 10 (right carotid/jugular ligated at decannulation) 
had normal left common, internal carotid, external ca- 
rotid, and vertebral arteries. The left jugular vein was also 
patent. The right vertebral artery was well imaged; on the 


` right there was no evidence of common carotid artery or 


internal jugular vein. Intracranial color Doppler imaging 
demonstrated normal flow in both anterior and middle 
cerebral arteries with reverse flow in the A-1 segment of 
the right middle cerebral artery and in the proximal 
portion. of the internal carotid artery. 

Complications were common in our patients (Table 3). 
The most frequent problems were tachyarrhythmias, 
which were noted before ECMO and contributed to the 
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Fig 1. Two-dimensional ultrasonogram of the right carotid artery in 
longitudinal view. A narrowing is apparent (arrows) at the surgical 
site in the common carotid artery (CC) below the carotid bulb (CB). 


indications for cannulation. Junctional tachycardia, asso- 
ciated with the low cardiac output syndrome, was noted 
in 5 (36%) patients and resolved soon after hemodynamic 
stabilization on ECMO and weaning of inotropic agents. 
Bradycardia, supraventricular tachycardia, and surgically 
induced heart block were each noted in 1 patient. 

Infection occurred in 2 patients (14%). One patient 
(patient 1) died after Escherichia coli and Candida sepsis 
developed. Patient 5, a late survivor, was treated for 
Pseudomonas aeruginosa, which was cultured from his 
respiratory tree and central line catheter tip. An acute 
pulmonary hypertensive event, possibly from a reactive 
pulmonary vascular bed, led to the death of patient 2; 
chest roentgenogram suggested early pneumonia in the 
right upper lobe, although cultures were negative on 
antibiotics. Mediastinitis did not develop in any patient in 
this series, although patient 1 had signs of chest wound 
infection as a part of a disseminated Candida infection. 

In patient 8, increasing pericardial effusion and tam- 
ponade developed after decannulation, which was ob- 
served by echocardiography. At operation, clot was re- 
moved from the mediastinum. 

Clinically significant bleeding occurred in 5 patients 
(36%). Three of these patients had transthoracic cannula- 
tion and 2 had femoral cannulation. One patient with 
carotid/jugular cannulation had substantial mediastinal 
drainage but did not require exploration or interruption of 
ECMO support. The cannulas in this infant were placed 
by extension of the median sternotomy incision, and 
ECMO was started intraoperatively. No clinically signifi- 
cant bleeding was encountered in patients with carotid/ 
jugular ECMO access through a separate neck incision. 

Acute renal failure was noted in 4 patients (29%). No 
chronic renal failure has been observed; however, dialysis 
or hemofiltration was used in conjunction with ECMO in 
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2 patients. Four patients had seizures, in 3 patients related 
to major neurological dysfunction and in 1 patient related 
to hypocalcemia. The premature infant (patient 3) had a 
subependymal hemorrhage before ECMO and mild and 
unchanging intracranial ventricular dilatation after 
ECMO. 


Comment 


Use of ventricular assist and intraaortic balloon counter- 
pulsation devices for support of the failing circulation in 
adult patients who experience postoperative cardiogenic 
shock has become widely accepted [1-4]. Similar devices 
have had restricted use for infants and children after 
repair of congenital cardiopulmonary defects primarily 
due to the size limitations of current devices over the wide 
age and weight ranges of pediatric patients. The recogni- 
tion that ECMO can provide univentricular or biventricu- 
lar cardiac as well as respiratory support has extended 
application of ECMO to infants and children who develop 
refractory postoperative cardiogenic shock after repair of 
congenital heart defects. 

Soeter and colleagues [5] first reported survival using 
ECMO in a young patient with acute cardiopulmonary 
insufficiency after correction of tetralogy of Fallot. Other 
reports suggested that ECMO might be a successful 
treatment for children with postoperative cardiac failure 
and potentially reversible pulmonary disease [6, 7]. Post- 
operative paroxysmal pulmonary hypertension after ven- 
tricular septal defect repair in an infant was successfully 
treated with ECMO by Cullen and associates [8]. The first 
larger series of patients suffering from cardiogenic shock 
and treated with ECMO was reported by Pennington and 
co-workers [9] in 1984. Four of the 14 reported patients 
were of pediatric age and had developed cardiac failure 
after operation for congenital heart disease; 3 survived 


Table 3. Complications 





Complication n 





Bleeding’ 5 
Transthoracic cannulation 3 
Femoral cannulation 2 
Neck cannulation 0 

Seizures 4 

Oliguria/anuria 4 

Dialysis on ECMO 2 

Sepsis 2 

Tamponade (after decannulation) 1 

Mediastinitis 0 

Arrhythmias (before ECMO) 8 
Junctional tachycardia 5 
Supraventricular tachycardia 1 
Heart block 1 
Bradycardia 1 





* Of suficient severity to require reexploration or terminate ECMO. 


ECMO = extracorporeal membrane oxygenation. 
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Table 4. Postoperative Extracorporeal Membrane Oxygenation 
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Intraoperative ECMO 








Overall 

Reference Year Patients Survival? Patients? Survival 
Soeter et al [5] 1973 1 1 (100) 
Bartlett et al [6] 1977 3 1 (33) 
Cullen et al [8] 1986 1 1 (100) sae 
Redmond et al [10] 1387 4 1 (25) 2 (50) 
Kanter et al [11] 1387 13 6 (46) 1 (8) 
Bartlett? [11] 1987 14 5 (36) aga T 
Trento et al [12] 1988 7 4 (57) 1 (14) 0 
Weinhaus et al (present study) 1989 14 6 (36) 4 (29) 0 

Total 57 25 (44) 8 (14) 0 


* Numbers in parentheses are percentages. 
Surgical Association, July 1986. 


ECMO = extracorporeal membrane oxygenation. 


after being weaned from ECMO. Redmond and col- 
leagues [10] described use of ECMO in 5 infants with 
congenital heart disease and 4 pediatric patients after 
cardiac operation, with 60% and 50% success rates, re- 
spectively. In 1987, Kanter and associates [11] reported 
experience with 13 patients (4 previously reported by 
Pennington and co-workers) who required circulatory 
support with ECMO for refractory cardiac failure after 
repair of congenital heart disease [7]; 45% of these chil- 
dren survived to leave the hospital. 

In our series of 14 infants and children, 64% of the 
patients were weaned from ECMO; these figures compare 
favorably with those published by Redmond and col- 
leagues (50%) [10] and Kanter and associates (54%) [11]. 
In addition to the patients unable to be successfully 
weaned from ECMO support, there were 4 late deaths, for 
a 36% overall survival. A summary of the reported series 
of pediatric patients who required ECMO for postopera- 
tive support is presented in Table 4. Approximately 45% 
of reported patients survived to leave tne hospital. 

Whereas use of ECMO for neonates with respiratory 
insufficiency has been associated witn a 10% to 35% 
incidence of neurological injury [18-21], none of our 
patients had intracranial hemorrhage ox infarct related to 
ECMO, although in 1 patient cerebral infarctions second- 
ary to disseminated Candida sepsis developed several 
weeks after the patient was weaned from ECMO support. 
None of the nonhemorrhagic neurosonographic findings 
described by Luisiri and associates [15] have been seen in 
our patients to date. In the neonate experience, normal 
intellectual outcome was noted in 64% to 71% of survivors 
[22, 23]. Kotogul and associates [24], however, reported 
only 32% of their patients as normal. All 6 survivors in our 
series were examined 1 to 12 months after ECMO sup- 
port. Five have normal neurological evaluations, although 
1 has mild gross motor delay. Growth has also been 
appropriate. None of the patients have residual seizure 
activity. There are no fundamental differences in timing or 
technique to explain the differences in neurological se- 
quelae in the series of cardiac patients as compared with 


> Transcription of Dr Bartlett's discussion from the Twelfth Annual Meeting of the Western Thoracic 


the neonatal respiratory patients, although the age has 
generally been younger in the latter group. 

Hemorrhage remains a serious complication with the 
use of ECMO after cardiac surgical procedures. In our 
patients, hemorrhagic complications were frequent when 
the patients were placed on ECMO in the operating room 
without time for hemostasis and correction of coagulation 
deficits after cardiopulmonary bypass. The majority of 
hemorrhagic complications occurred in patients who had 
transthoracic cannulation, which may reflect the need for 
ECMO intraoperatively or the constant cardiac motion at 
the venous and aortic cannulation sites. Bleeding around 
the cannulation sites was the most common cause of 
reexploration when the transthoracic approach was used. 
None of the patients in this series were prematurely 
removed from ECMO because of excessive hemorrhage, 
although the magnitude of transthoracic hemorrhage was 
a factor in the decision for weaning from the device in 
patient 7, who had improvement but not resolution of 
pulmonary hypertension and right heart failure after 
heart transplantation. 

Transthoracic cannulation has been the approach of 
choice for Pennington and Kanter and their colleagues [9, 
11] even when ECMO was started in the intensive care 
unit. Although a substantial number of hemorrhagic 
complications occurred, these investigators suggested 
that it was simpler to reopen the sternotomy site and 
place transthoracic cannulas than to make a fresh groin 
incision and place ileofemoral cannulas. Inadequate flows 
have also been a problem with the groin approach. 

We prefer right carotid artery and jugular venous can- 
nulation. Attaining adequate ECMO flows (0.8 to 2.5 
L/min/m’) was not a major problem in any of the 7 
patients in whom this approach was used, although 
venous drainage limited flow (0.85 L/min/m?) early after 
initiation of support in 1 patient who had Senning atrial 
repair of transposition of the great vessels. With volume 
infusion, flow could be increased to 1.1 L/min/m? during 
the first 20 hours of support. Carotid/jugular cannulation 
has been used routinely for neonatal ECMO, and the 
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transition to use in the postoperative congenital heart 
patients was readily made. Access was easily achieved, 
and severe bleeding complications did not occur in any of 
the 7 patients, although 1 patient who was cannulated 
through the neck vessels through the median sternotomy 
incision had marked mediastinal drainage that did not 
require reexploration. 

It has become our practice to repair the internal jugular 
vein and right common carotid artery at the time of 
decannulation from ECMO. No immediate effects have 
been noted to date with this approach. Doppler neck 
examinations have revealed patency of the vessels 1 to 12 
months after repair in surviving patients, and although 2 
of the 5 patients examined had minor structural abnor- 
malities (Fig 1), none had a flow disturbance related to the 
repair at the cannulation site. We hope that vessel repair 
will promote a more normal cerebral blood flow for the 
brain, which may still be recovering from postoperative 
insults, cardiac decompensation, or residual cardiac dys- 
function, and will contribute to improved developmental 
outcomes. In addition, these vessels may remain patent in 
the event that access is needed at a later date. 

Patients who require circulatory support at the time of 
weaning from cardiopulmonary bypass in the operating 
room or shortly thereafter appear to be at greatest risk of 
not being weaned from ECMO support (Table 1). As 
shown in Table 4, 8 patients in the collective reported 
series of patients were placed on ECMO in the operating 
room immediately after repair of congenital cardiac de- 
fects; none survived. Several of these patients had pro- 
gressive profound hypotension and bradycardia despite 
good ECMO flows. Perhaps the poor results in these 
patients reflect more profound cardiac dysfunction that 
cannot be adequately supported without ventricular ejec- 
tion sufficient to prevent distention. The best success in 
this series was obtained in cases of primarily right-sided 
cardiac dysfunction (Table 1). Extracorporeal membrane 
oxygenation is able to provide biventricular support; 
however, flow levels that provide full cardiopulmonary 
bypass may increase the afterload of the left ventricle, 
which is not vented during the procedure. Such preload 
and afterload increases may limit recovery of left ventric- 
ular function. One patient in this series (patient 14) had 
initiation of extracorporeal oxygenation support for biven- 
tricular failure in the operating room but had a small 
residual ventricular septal defect that may have decom- 
pressed the left ventricle and permitted recovery of the 
left side of the heart. The patient could be weaned from 
ECMO but subsequently died of. persistent pulmonary 
hypertensive events. Therefore, we believe that extension 
of the ECMO technique with decompression of the left 
ventricle in cases of obvious biventricular failure is advis- 
able and have undertaken a modification of our technique 
to provide this type of decompression. 

As demonstrated in this series and in other reported 
patients, ECMO can be an effective therapy for pediatric 
patients with intractable low cardiac output syndrome 
after repair of congenital heart defects. We recommend 
carotid artery and jugular venous cannulation in patients 
who develop low cardiac output syndrome outside of the 
operating room. Hemorrhagic complications are reduced 
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and long-term neurodevelopmental outcomes appear 
promising when right carotid artery and jugular venous 
cannulation and repair are performed. 

This report describes an evolution of the use of ECMO 
for extracorporeal circulatory support. Our experience has 
led us to consider use of this technique in any patient who 
cannot be weaned from cardiopulmonary bypass in the 
operating room or in whom a severe refractory low 
cardiac output syndrome develops postoperatively. Al- 
though specific criteria for exclusion of ECMO support 
have not been established, procedures such as the pallia- 
tive operation for hypoplastic left heart syndrome do not 
appear to be good procedures in which to use extracor- 
poreal support. In the condition of single ventricle with 
shunt-dependent pulmonary circulation, ECMO flow 
may not effectively unload the ventricle because the 
arterial return to the patient may contribute to pulmonary 
overcirculation and limit systemic flow. In the 1 patient in 
this series in whom ECMO was used after the first-stage 
Norwood procedure, arterial blood pressure was not 
effectively supported with the technique despite improve- 
ment in blood gases. Selective use of ECMO may be most 
effective in such patients when severe hypoxemia occurs 
in the early postoperative period without hypoperfusion 
and ventricular dysfunction, but when the pulmonary 
vascular resistance may be expected to decrease with 
time. The problems of cannula placement in patients with 
a Senning intraatrial baffle repair have limited venous 
return in 1 patient, but we do not consider this a contrain- 
dication to ECMO. Relative contraindications to use of 
ECMO include severe coagulopathies or known neuro- 
logic damage. 

Clearly, ECMO has been most effective in conditions of 
right heart dysfunction such as progressive right heart 
failure after operations that relieve right ventricular out- 
flow tract obstruction. We consider the technique very 
valuable in patients with progressive right heart failure or 
transient forms of cardiac failure such as junctional tachy- 
cardias or other refractory arrhythmias that may occur in 
association with a low cardiac output syndrome. It may 
also be used for temporary respiratory support for peri- 
operative resuscitation or tracheal repair. As more expe- 
rience with the use of ECMO in the postoperative period 
is gained, the relative indications and contraindications 
for the technique may be better defined. 
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The technique, efficacy, and long-term results of mitral 
valve reconstruction have been well demonstrated and 
reported by Carpentier and other investigators. How- 
ever, most of the results reported have been in patients 
aged less than 65 years. Between April 1985 and Septem- 
ber 1988, we performed mitral valve reconstruction in 176 
patients using Carpentier’s classification and technique 
for repair. Ages ranged from 15 to 86 years (mean age, 63 
years). Of the repairs, 96/176 (55%) had concomitant 
cardiac procedures, Patients aged 65 years or more ac- 


itral valve reconstruction has engendered various 

degrees of enthusiasm in the United States during 

the past 30 years because of varied success with many 

types of repairs [1-5]. The relative success of mitral valve 

replacement with acceptable long-term morbidity has 

tempered this enthusiasm for mitral valve reconstruction 
in this country. 

Not until classification and repair techniques were 
described by Carpentier [5] was it possible to make 
meaningful comparisons of groups of patients undergo- 
ing mitral valve repair. Carpentier’s techniques are repro- 
ducible and teachable and continue to stand the test of 
time. The key to his technique is the specific classification 
of mitral valve dysfunction into three groups of subse- 
quent “functional” repair, based on this classification, to 
return the mitral valve mechanism to normal [5] (Table 1). 
Because the mitral valve mechanism is maintained, left 
ventricular function is preserved, as was previously re- 
ported by Bonchek and colleagues [6] and more recently 
by Goldman and associates [7]. 

One of the highest risk subgroups in cardiovascular 
surgery today is the elderly patient with ischemic heart 
disease, poor left ventricular function, and mitral valve 
disease. Tsai and associates [8] reported a 50% mortality 
in their group of septuagenarians and octogenarians un- 
dergoing combined coronary artery bypass grafting and 
mitral valve replacement. It appears reasonable that the 
most up-to-date methods of myocardial protection, to- 
gether with complete revascularization, should be used to 
treat this type of patient. Likewise, the most advanta- 
geous mitral valve procedure for left ventricular function 
should be used. For the past 3 years, we have used the 
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counted for 52% (92/176) of the population and 35% 
(65/176) were more than 70 years old. Hospital mortality 
(30 day) was 4% (4/84) in the group aged less than 65 
years. Hospital mortality for the group aged more than 65 
years was 12% (11/92), compared with an overall 8.5% 
mortality. These results suggest an increased morbidity 
with mitral valve repair in the patients aged more than 65 
years, but this group represents an even higher risk 
group with mitra] valve replacement. 

l (Ann Thorac Surg 1989;48:213-7) 


Carpentier repair for this elderly group of patients and 
believe this method to be the procedure of choice. 


Material and Methods 


From April 1985 to September 1988, we performed 1,079 
valvular procedures involving the aortic and mitral 
valves. There were 589 aortic valve, 434 mitral valve, and 
56 double-valve procedures. Included in the group of 490 
mitral: procedures were 176 (36%) patients with mitral 
valve dysfunction treated by Carpentier’s reconstructive 
techniques. Patients undergoing mitral valve reconstruc- 
tion using techniques other than those described by 
Carpentier were not included in this series. Our use of 
mitral valve reconstruction has increased yearly si since 1985 
(Fig 1). 

The patients ranged in age from 15 to 86 years (mean 
age, 63 years) (Fig 2). Patients aged more than 65 years 
accounted for 52% (92/176) of the mitral valve reconstruc- 


Table 1. Carpentier Classification 


Type Classification 


I Normal leaflet motion 
, Annular dilatation 
Leaflet perforation 
H Prolapsed leaflet 
Chordal rupture 
Chordal elongation 
Papillary muscle rupture 
Papillary muscle elongation 
II Restricted leaflet motion 
Commissural fusion 
Fused and thickened chordae 
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Fig 1. Incidence of mitral valve reconstruction by year. 


tions, and 35% of patients (65/176) were aged more than 
70 years. There were 83 men (47%) and 93 women (53%). 
One hundred fifty-five patients were in New York Heart 
Association functional class III or IV preoperatively (Table 
2). . 
` All patients had preoperative evaluation of their mitral 
valve by either echocardiography, cardiac catheterization, 
or both. At the time of operation, direct examination of 


the mitral valve leaflets determined the patient’s classifi- 


cation into either type I (normal leaflet motion with 
annular dilatation), type II (prolapsed leaflet), type I 
{restricted leaflet motion, stenosis), or a combination of 


n=176 


66-75 -<76 
AGE 
Fig 2. Age of patient population undergoing mitral valve reconstruc- 
tion. , 
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Table 2. Preoperative New York Heart Association Functional 





„Classification 

. No. of 
Class Patients* 
I 0 (0) 
I 21 (12) 
m 60 (34) 
IV 95 (54) 

Total 176 





* Numbers in parentheses are percentages. 


the above. In our series, 34 (19%) repairs were for type I, 
47 (27%) were for type II, 39 (22%) were for type III, and 
56 (32%) were for combinations of types I, H, and I 
(Table 3). 

Surgical results were obtained using many of Carpen- 
tier’s mitral repair techniques either individually or in 
combination, depending on the valve lesion. These tech- 
niques included annular remodeling using a Carpentier 
prosthetic ring, quadrangular resection of the posterior 
leaflet with repair, chordal shortening, chordal transfer, 
papillary muscle reattachment, commissurotomy, annular 
debridement, papillary myoplasty, and cleft closure [5] 
(Table 4). Isolated mitral valve repair was used in 80 
patients (45%), and 96 patients (55%) had mitral valve 
repair concomitant with other cardiovascular procedures 
(Table 5). 

Postoperative echocardiography was obtained in as 
many patients as possible. In the last 3 months of this 
series, intraoperative esophageal color-flow’ Doppler 
echocardiography’ has been routinely used in all patients 
to evaluate the results of the mitral valve repair in the 
immediate postoperative period. All patients were antico- 
agulated with Coumadin (crystallin warfarin sodium) in 
the postoperative period for 2 to 3 months if in normal 
sinus rhythm and indefinitely if in atrial fibrillation. In 
several patients who had atrial fibrillation after repair, 
cardioversion was accomplished 2 to 3 months postoper- 
atively, thus converting these patients to the nonantico- 
agulated group. 


Table 3. Patient Classification 











No. of 
Type Patients* 
I E : 34 (19) 
I 47 (27) 
m 39 (22) 
land H 47 {27} 
Land I 3 (2) 
H and IH ; 4 (2) 
L I, and H 2 (1) 

Total 176 


* Numbers in parentheses are percentages. 
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Table 4. Repair Techniques 











No. of 
Technique Patients” 
Ring annuloplasty 146 (83) 
Quadrangular resection of posterior leaflet 51 (29) 
Chordae shortening 24 (14) 
Chordae transfer 3 (2) 
Commissurotomy 41 (23) 
Debridement . 13-(7) 
Papillary myoplasty 13 (7) 
Cleft closure 28 (16) - 





* Numbers in parentheses are percentages. 


Results 


There were 15 deaths within 30 days of operation, an 
operative mortality of 8.5%. Hospital mortality for the 
group aged less than 65 years was 4% (4/84), compared 
with a 12% (11/92) mortality in the group aged more than 
65 years. Three deaths occurred in patients undergoing 
isolated mitral valve repair consisting of a commissur- 
otomy. One patient died of respiratory failure, 1 died of 
cerebrovascular accident, and 1 died of renal and pulmo- 
nary failure. All other operative deaths occurred in pa- 
tients aged more than 64 years who underwent both 
mitral valve repair and a concomitant cardiovascular pro- 
` cedure (Table 6). The single death from respiratory arrest 


Table 6. Operative Deaths 
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Table 5. Concomitant Cardiovascular Procedures 








No. of 
Procedure Patients* 
Myocardial revascularization 75 (78) 
Aortic valve replacement 15 (16) 
Aortic valve repair 2 (2) 
Tricuspid valve repair + myocardial 1 (1) 
revascularization 
Aortic valve replacement + myocardial 2 (2) 
revascularization 
Tricuspid valve repair 1@) 
Total l 96 








* Numbers in parentheses are percentages. 


occurred in a patient with a New York Heart functional 
classification less than M. 

Four patients required reoperation from 2.5 weeks to 9 
months postoperatively because of failure of the mitral 
valve repair. These were the only patients who required 


‘early or late mitral valve replacement due to failure of the 


mitral repair. One patient underwent successful re-repair 
of a dehiscence of the quadrangular resection; the remain- 
ing 3 patients required valve replacement with either 
mechanical or porcine valve prosthesis. Three of the 4 
patients requiring reoperation for failed mitral valve re- 
pair survived their second operation. 

There have been no atrial ventricular disruptions 











Patient Age Postoperative 
No. _ Operation (yr) Cause of Death i Day 
1 Reconstruction 36 Renal failure, respiratory failure 9 
2 Reconstruction 57 Respiratory arrest 13 
3 i Reconstruction 58 CVA 2 
4 Reconstruction + CABG 64 Respiratory failure, sepsis 1 
5 Reconstruction + redo 65 Pulmonary embolus, pneumonia 28 

CABG + LV aneurysm 
6 Reconstruction + CABG 67 Respiratory failure, acute renal 6 
failure, sepsis 
Reconstruction + CABG 70 Cardiogenic shock (properative MI) 5 
8 Reconstruction + CABG 72 Pulmonary failure, sepsis 25 
+ LV reconstruction 
9 Reconstruction + CABG 74 Arrythmias 3 
10 Reconstruction + CABG 74 Herpes sepsis, renal failure 27 
+ LV aneurysm 
ll Reconstruction + redo 74 Renal failure 2 
f CABG 
12 Reconstruction + CABG . 75 Cardiogenic shock (preoperative MI) 1 
13 Reconstruction + CABG 76 Cardiogenic shock (preoperative MI) 1 
14 Reconstruction + CABG 76 CVA 7 
15 Reconstruction + CABG 80 CVA, renal failure, respiratory 9 
failure 





CABG = coronary artery bypass grafting; 


CVA = cerebrovascular accident; 


LV = left ventricular; MI = myocardial infarction. 
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Table 7. Preoperative and Postoperative New York Heart 
Association Functional Classification 


No. of Patients 


Class Preoperative Postoperative 
I 0 74 
II 13 20 
il 37 . 6 
Iv 51 1 


(broken hearts) in this series of patients. Two patients had 
postoperative murmurs of aortic outflow tract obstruc- 
tion, but subsequent evaluation showed no hemodynamic 
significance. 

Late follow-up was obtained in 124 (70%) patients either 
by office visit or telephone interview. Follow-up in the 
remaining 30% was not possible due to the nature of our 
patient population. Many of our patients are transient, 
retired individuals, who frequently change their mailing 
addresses, and some of the patients are from the Carib- 
bean Islands arid could not be located. Range of follow-up 
was 2 to 39 months. There were eight late deaths in the 
follow-up group. Five of the deaths were directly related 
to prolonged pcstoperative complications following the 
initial mitral valve reconstruction. Causes of death in- 
cluded respiratory failure in 2 patients, cerebrovascular 
accident in 1 patient, acute renal failure in 1, and pulmo- 
nary failure with sepsis in 1. One of the late deaths 
occurred after mitral valve replacement following failure 
of the mitral valve repair. Two of the late deaths occurred 
after hospital discharge, and the exact cause of death is 
unkriown. 

Of the 101 survivors for whom we have long-term 
follow-up, 94 patients (93%) were in New York Heart 
Association functional class I or II postoperatively. Nine- 
ty-eight patients had an improved functional class, 
whereas 1 remained in the same class and 2 were in a 
higher class (Table 7). 


Comment 

Enthusiasm for mitral valve reconstruction has gradually 
increased in the United States as surgical experience and 
follow-up have shown that operative mortality, long-term 
morbidity, and longevity are equal to and in most cases 
superior to mitral valve replacement [9-17]. Our patient 
population is similar to that of these previous reports but 
differs in two important aspects. The mean age of 63 years 
in our population is higher than that in any previous 
report of mitral valve reconstruction. In addition, 55% of 
the patients in our series had concomitant cardiovascular 
procedures with mitral valve reconstruction, which is a 
higher percentage than that in other studies iri the litera- 
ture [9, 10]. 

Our operative mortality of 8.5% is higher than those of 
previous reports, but if all patients aged less than 65 years 
old are considered separately, the mean age is 58.2 years 
and the mortality is halved to 4%. This is comparable with 
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the patient population and mortalities reported by other 
investigators [5, 6, 10, 11]. However, 52% of our popula- 
tion was more than 65 years old. This group was associ- 
ated with a higher incidence of (and more advanced) 
pulmonary disease, renal failure, diabetes, and ischemic 
myocardial disease. Operative mortality was 12% in this 
subgroup. The highest mortality (13.5%) was in patients 
who had combined cardiac procedures with mitral valve 
reconstruction; this group accounted for 55% of our pa- 
tients. It is in this high-risk group that we believe mitral 
valve reconstruction can be most advantageous. 

Although our overall mortality i is higher than the excel- 
lent results reported by Spencer and associates [9], Cos- 
grove and colleagues [10], and other irivestigators [11-17], 
it is below comparable moftalities for mitral valve replace- 
ment reported by Tsai and associates [8] for mitral valve 
replacement and coronary artery bypass grafting in 70- 
year-old and 80-year-old patients, who account for more 
than one-third of our population. Our mortality for mitral 
valve replacement without associated procedures is 9.7% 
overall and 10% in patients aged more than 70 years. 
When mitral valve replacement is combined with coro- 
nary artery bypass grafting, our mortality is 15% for all 
ages and 22% in patients aged more than 70 years. In our 
experience, there is a clear improvement in survival in all 
age groups with mitral valve repair versus replacement 
and it is most striking in this older population. This 
improved survival may be due to improved left ventricu- 
lar performance after mitral valve reconstruction versus 
replacement because of preservation of the mitral valve 
mechanism [6, 7]. 

There is no evidence in our data that deaths or reoper- 
ation for failed repairs were directly related to a learning 
curve; instead they were associated with the severity of 
the patient’s underlying disease process and associated 
illnesses. Although with experience each surgeon became 
more proficient with the operation, the absence of an 
obvious learning curve may be due to the fact that each 
surgeon in his early cases operated with and under the 
direction of a more experienced member of the group who 
had observed and been instructed by Dr Carpentier at 
Hôpital Broussais in Paris. ` 

The recent use of transesophageal color-flow Doppler 
echocardiography in mitral valve reconstruction cases has 
improved our ability to evaluate the repair in the beating 
heart before the patient is transferred from the operating 
room [18]. No patient in whom the intraoperative Doppler 
echocardiography has been used has required reoperation 
for recurrent mitral dysfunction. We hope that use of the 
esophageal Doppler echocardiography will further de- 
crease the already low (3%) incidence of reoperation for 
failed mitral reconstruction in our series. 

In conclusion, we believe that mitral valve reconstruc- 
tion using Carpentier’s stringent classification and specific 
techniques of repair for each group is the procedure of 
choice in all patients with mitral dysfunction and should 
be attempted in all patients. Although operative mortality 
will be higher in patients aged more than 65 years versus 
patients aged less than 65 years, mortality overall and in 
both subgroups will be less than in comparable patient 
populations who undergo mitral valve replacement. Left 


kg 
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ventricular function is preserved with mitral reconstruc- 
tion and obviously improves survival in this high-risk 
surgical group. The techniques of mitral reconstruction 
are safe, teachable, and reproducible, and the repair is 
durable. Mitral valve reconstruction should be considered 
the procedure of choice in patients of any age who 
undergo operation for mitral valve dysfunction with or 
without associated cardiovascular procedures. 
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Twenty-eight patients were treated between 1981 and 
1987 with a combination of radiation therapy and two 
courses of 5-fluorouracil and cisplatin followed by 
esophageal resection. Sixteen patients (57%) underwent 
resection. Operative mortality was 6% (1 of 16), and the 
15 operative survivors have been followed for more 
than 23 months. Complete pathological response was 
achieved in 8 of the 15 patients, and 10 patients (66%) are 
alive with no evidence of disease; 4 patients (27%) have 
survived with no evidence of disease for more than 5 


he dismal prognosis of squamous cell carcinoma of the 

esophagus has persisted despite various modifica- 
tions in treatment approaches. Survival rates have re- 
mained less than 10% with resection because of early 
lymphatic and regional spread and relatively late symp- 
tomatic presentation compounded by extensive submuco- 
sal extension and a definite risk of multicentric disease. 
These characteristics have limited the effectiveness of 
extended and more radical surgical approaches, and irra- 
diation alone has not proved to be beneficial adjuvant 
therapy. 

Combined chemotherapy and radiation therapy used as 
a preoperative adjuvant approach to carcinoma of the 
esophagus evolved from the experience with an adjuvant 
approach to squamous cell carcinoma of the anal canal [1]. 
This approach has proven to obviate the need for surgical 
resection in complete responders. Steiger and colleagues 
[2] reported a similar approach to squamous cell carci- 
noma of the esophagus in 1981 and, although early results 
were encouraging, long-term survival and the role of 
resection of the esophagus, especially in complete clinical 
responders (no disease on preoperative staging), has been 
questioned. Several additional series [3-6] have since 
been reported, with varied results. 

In 1981, we applied the Wayne State protocol of 5- 
fluorouracil (5-FU), cisplatin, and irradiation followed by 
esophageal resection to all patients with regionally local- 
ized squamous cell carcinoma of the esophagus who were 
candidates for esophageal resection. Our purpose was to 
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years. Four partial responders are alive, and 3 are alive 
with no evidence of disease for more than 5 years. An 
aggressive approach with a low mortality has demon- 
strated survival benefit to complete responders and, 
contrary to findings of previous reports, has established 
a role for surgical resection and survival benefit in 
patients with partial response, with 3 of 7 (47%) patients 
surviving more than 5 years. 


(Ann Thorac Surg 1989;48:218-21) 


evaluate the feasibility and benefits of such an approach 
in a community referral hospital. We hoped not only to 
evaluate the effect on long-term survival and the morbid- 
ity and mortality associated with such a protocol, but also 
to determine the benefit of esophageal resection in partial 
responders (residual disease in the resected specimen). 


Material and Methods 


Between 1981 and 1987, 28 patients were shown by 
endoscopy, computed tomographic scans of the chest and 
upper abdomen, and barium swallow to have regionally 
localized squamous cell carcinoma of the esophagus. The 
ability to complete the chemotherapy and radiation ther- 
apy arms of the protocol safely, as well as evaluation of 
risk for esophagectomy, was determined before therapy 
was started. Patients were fully informed of the magni- 
tude and uncertain benefits of the protocol. Treatment 
was started with a four-day infusion of 5-FU (1,000 
mg/m?) beginning on day 1 and cisplatin (100 mg/m?) 
beginning on day 2, except for 2 patients who received 15 
mg/m” mitomycin instead of cisplatin. Radiation therapy 
to a total dose of 3,000 cGy was started on day 1 and 
administered in 15 daily fractions of 200 cGy/day. A 
second course of chemotherapy was started on day 29 and 
was identical in dose and sequence to the initial course. 
Approximately 21 days later, patients were restaged and 
evaluated for their ability to undergo esophagectomy. 
Any patient unable to maintain nutrition was supple- 
mented by either enteral feedings or parenteral hyperali- 
mentation during the period of adjuvant therapy. 
Patients underwent esophageal resection if no evidence 
of unresectable disease was found at the time of explora- 
tion or at preoperative staging. Sixteen patients under- 
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Fig 1. Fate of all patients eligible for the protocol {n = 28) demon- 
strates broad benefit. 


went esophageal resection. Ten of the resections were 
performed by W.J.A. and six were performed by four 
other surgeons. No requirements were imposed for the 
surgical approach; 12 patients underwent transhiatal 
esophagectomy, 3 patients underwent an Ivor Lewis 
resection, and 1 patient underwent a standard left tho- 
racic esophagogastrectomy. Intraoperative inspired oxy- 
gen concentrations were kept below 30% after the first 2 
patients underwent operation, and any evidence of adult 
respiratory distress syndrome was vigorously treated 
postoperatively. 

No postoperative adjuvant therapy was administered 
regardless of postresection pathological staging. All 16 
patients have been followed with repeated barium swal- 
low, a computed tomographic scan, complete blood 
count, and liver profiles. 


Results 


Twenty-eight patients were entered into the protocol and 
16 (57%) underwent esophageal resection, which re- 
moved all identifiable disease. Of the remaining 12 pa- 
tients, 4 refused operation and all have either died of 
recurrent disease or are alive with disease. Five were 
found to be inoperable at laparotomy and distant disease 
developed in 3 during postoperative adjuvant therapy. 
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Fig 2. Most patients explored (n = 21) underwent resection for cure. 
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Fig 3. Survival benefits for all patients is substantial and appeared to 
be stable after 24 months. 


One postoperative death (6%) and two suture line leaks 
(12%) occurred. Eight of the 16 patients (50%) had com- 
plete eradication of the neoplasm; thus, 8 of the 28 
patients (29%) were classified as complete pathological 
responders (Figs 1, 2). Ten of these 28 patients (35%) are 
alive with no evidence of disease at least 23 months after 
diagnosis and 4 (14%) are alive with no evidence of 
disease at least 5 years after diagnosis. 

Of the patients who underwent resection, 15 have been 
followed for at least 23 months (8 complete responders 
and 7 partial responders). In only 2 of the 15 has recurrent 
disease developed; these patients died at 8 and 16 months 
postoperatively. Two additional patients died without 
demonstrated recurrence at 6 and 11 months. Thus, 10 
(66%) of the 15 patients who survived resection are alive 
with no evidence of disease at least 23 months postoper- 
atively, and 4 of the 15 (27%) are alive with no evidence of 
disease 5 years after diagnosis. The median survival of all 
16 patients who underwent resection assessed by probit 
analysis is 32.28 + 22.6 months. Of the 7 patients with 
residual disease, 4 survived, and 3 of the 7 (42%) are alive 
with no evidence of disease more than 5 years after 
diagnosis. The longest survival is 83 months. Determina- 
tion of actuarial survival curves (Figs 3-5) by the method 
of Kaplan-Meier reveals an actuarial survival for complete 
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Fig 4. Although complete responders have superior survival, there is 
a substantial benefit for patients with residual tumor in the resected 
specimen. 
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Fig 5. Response to adjuvant therapy does influence survival. 








responders of 78% at 5 years. Of the 8 complete respond- 
ers, only 1 patient has had disease recurrence and 1 
patient died of pneumonia with no evidence of disease at 
11 months. Thus, 6 of 8 (75%) complete responders are 
alive with no evidence of disease 14 to 67 months after 
diagnosis. Partial responders had a 5-year actuarial sur- 
vival of 52%, and the actuarial survival of the entire group 
of 16 patients was 62% at 5 years. 

Postoperative staging revealed 8 partial pathological 
responders with 2 each classified as having Ti and T2 
residual disease. Four of the 16 still had T3 residual 
disease, 2 of whom survived at 32 and 66 months. Only 2 
patients had involved lymph nodes; 1 died without evi- 
dence of recurrence at 6 months, and the other is alive 
without disease at 77 months. 

Postoperatively, adult respiratory disease developed in 
4 of 16 patients (25%), and 1 additional patient required 
respiratory support. All 5 patients survived after hemo- 
dynamic and ventilatory support. One of the anastomotic 
leaks was asscciated with multiple organ failure and the 
single postoperative death. 


Comment 


The inability of operation or radiation therapy alone or in 
combination to offer substantial hope of survival in pa- 
tients with squamous cell carcinoma of the esophagus is 
widely accepted. The prognosis has been so dismal, 
combined with the natural history of the unresected 
lesion and the magnitude of extirpative operation, that 
many physicians have adopted a strictly palliative ap- 
proach to treatment and have attempted to maintain the 
ability to swallow as the primary objective of treatment. 
History is replete with examples of the failure of more 
radical operations alone to conquer malignant disease, 
and such operations certainly appear to be of limited use 
in esophageal lesions given the pathophysiology of the 
neoplasm and the anatomical considerations that limit a 
wide lateral resection. 

With the 1981 report of Steiger and colleagues [2] of a 
combined preoperative protocol of 5-FU, cisplatin, and 
radiation therapy, which eradicated the neoplasm in 30% 
of patients, came a fresh approach and optimism. Com- 
bined preoperative adjuvant therapy has been confirmed 
to be very effective in squamous cell carcinoma of the anal 
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canal [1] as well as in some soft tissue sarcomas. The 
potentiation of irradiation by synchronous chemothera- 
peutic radiation sensitizers such as 5-FU now appears to 
be well founded [7, 8]. 

Since then, a number of series with various preopera- 
tive protocols have been reported with a variety of results 
[1-6]. The combination of radiotherapy and chemothera- 
peutic radiation sensitizers appears to be safe and practi- 
cal, offering substantial potential for long-term survival. 
Our results in a community referral hospital clearly dem- 
onstrate that this is a practical protocol with minimal 
mortality (6%) and morbidity. All our patients tolerated 
the adjuvant therapy well, and only 2 patients required 
nutritional support. The potential for long-term survival 
benefit appears to be very promising. Eight of the 28 
patients (29%) had complete eradication of the neoplasm 
and only 1 of these has had disease recurrence. Overall, in 
the last 7 years, 16 patients have completed this protocol 
and only 2 patients have had recurrence; 15 of the 16 
patients have been followed 23 months or longer and 4 of 
these 15 (27%) have survived 5 years after diagnosis. 
Although these numbers are small, the implications of the 
results seem inescapable. The actuarial 5-year survival of 
78% for complete responders and 52% for patients with 
residual disease in the resected specimen is exciting, and 
the actuarial 5-year survival for the entire group of 16 
patients of 62% compares favorably with that of any 
alternative treatment protocol. 

Because several series have reported that the only 
survivors were patients with complete eradication of the 
tumor by the preoperative protocol, the role of the surgi- 
cal arm of this protocol has been questioned [1, 9]. 
Growing evidence now shows that preoperative staging 
of carcinoma of the esophagus is grossly inadequate. 
Several series have now demonstrated that 30% to 60% of 
patients will have microscopic residual disease even 
though they appear to be disease-free by current clinical 
staging technique [3, 10-12]. Such residual disease is 
probably responsible for the higher earlier recurrence 
rates in the absence of esophageal resection [13, 14]. Our 
data support the role of surgical resection. Seven of the 15 
patients who underwent resection and were followed at 
least 22 months had residual tumor at operation, and 4 of 
them are alive and disease-free at 32 to 83 months of 
follow-up. Three of these patients (42%) are alive and 
disease-free more than 5 years after diagnosis. With the 
demonstrated low operative mortality of resection, the 
inaccuracy of current methods of clinical staging, and a 
demonstration in this series of substantial 5-year survival 
with residual disease at operation, elimination of the 
resection arm of the treatment protocol would certainly 
deny salvageable patients the opportunity for long-term 
survival. We believe that the results of the present series 
confirm the long-term survival benefit of this combined 
preoperative adjuvant therapy and establish the substan- 
tial benefit to patients with residual disease as well as the 
complete responders. The protocol appears to be safe and 
practical but requires very careful and intense attention to 
the medical and surgical management of the patients. 
Further evaluation of the preoperative phase of therapy, 
as well as better definition of the postoperative treatment 
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to maximize survival benefit, will certainly improve the 
present results. Its application to adenocarcinoma of the 
esophagus and non-small cell lung cancer is being ad- 
dressed in several centers. 
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The Pierce-Donachy ventricular assist device (VAD) was 
used as an attempted bridge to orthotopic cardiac trans- 
plantation in 12 patients aged 13 to 55 years. Ischemic (4 
patients), dilated (4 patients), acute viral (1 patient), 
postpartum (1 patient), and hypertrophic cardiomyopa- 
thy (1 patient), along with a failed transplant (1 patient), 
were the causative factors of end-stage cardiomyopathy 
in these patients. All patients were candidates for ortho- 
‘topic cardiac transplantation but sustained refractory 
cardiogenic shock (cardiac index < 2. L/min/m’). Left 
VADs were placed in all patients; 7 also required right 
VADs. Four patients died of hemorrhagic complications 
less than 24 hours after VAD insertion. Ventricular assist 
device stabilization was successful in 8 patients and 
support ranged from eight hours to 64 days. Seven 


mproved survival with orthotopic cardiac transplanta- 

tion (OCT) has been related to advances in myocardial 
preservation and more effective antirejection medication. 
This has led to a proliferation of cardiac transplantation 
programs and has resulted in a shrinking donor pool, 
causing increased pressure on the available recipients. 
Heterotopic ventricular assist devices (VADs) have helped 
to support the circulation in hemodynamically unstable 
patients who have deteriorated into cardiogenic shock 
[1-4]. This paper reviews our experience with the Pierce- 
Donachy VAD (Thoratec, Berkeley, CA) in critically ill 
patients who underwent VAD insertion as a bridge to 
OCT and recommends guidelines for VAD application. 


Material and Methods 

The Pierce-Donachy prosthetic ventricle is a pericorporeal 
pneumonic sac-type VAD placed in the heterotopic posi- 
tion that can maintain partial or complete circulatory 
support. The blood sac is made of segmented polyure- 
thane and is enclosed in a rigid acrylic housing. Low- 
profile mechanical valves are used as inlet and outlet 


valves. Pumping action is generated by a pneumatic ` 


driver that periodically compresses the blood sac, empty- 
ing the prosthetic ventricle. The pump has a stroke 
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patients successfully addeert orthotopic cardiac trans- 
plantation. One died postoperatively of hemorrhagic 
complications, 6 were discharged from the hospital, and 
1 patient died at 3 months of cytomegalovirus infection. 
Five patients are long-term survivors. The Pierce- 
Donachy VAD is an effective means. for supporting 
critically ill patients with end-stage cardiomyopathy and 
tatiori. Death is related to hemorrhagic, rather than 
infectious or thromboembolic, complications. Patients 
successfully stabilized with the VAD can undergo ortho- 
topic cardiac transplantation with acceptable mortality 
and morbidity rates. 


(Ann Thorac Surg 1989;48:222-7) 


volume of 65 mL and is capable of maintaining a cardiac 
output of up to 5.5 L/min. 

The drive console can pump at a fixed rate or in a 
synchronous or fill to empty mode. The fill to empty 
mode has a variable rate, fixed stroke volume capacity. 
When the blood pump is full, a signal is sent to the drive 
console and the unit ejects blood from the blood sac. If the 
preload changes, the pump will fill faster or slower, 
changing the ejection rate. In the fill to empty mode, the 
drive console is autoregulatory. Rate and percetitage of 
systole can be controlled by the console. The percentage 
of systole is the percentage of time the device is in systole 
versus diastole, which controls the filling and emptying 
time of the device. It is important to maintain complete 
filling of the blood sac to ensure that no blood clots can 
form within this part of the device. 

The left VAD is connected to the heart by placing an 
outflow cannula into the ascending aorta. The inflow 
cannula may be placed in the left atrial appendage or left 
ventricular apex, or through the interatrial groove into the 
left atrium. The cannulas are then tunneled through the 
skin below the costal margin, and the device is placed on 
the abdomen external to the chest. A right VAD can be 
placed by connecting the outflow cannula to the pulmo- 
nary artery and the inflow cannula to the right atrium. 
Again, the cannulas are tunneled through the skin and 
the device is placed external to the thoracic cavity on the 
abdomen (Fig 1). The device can be placed while the 
patient is on cardiopulmonary bypass, cannulating 
through either the aortic arch or the femoral artery. If the 
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Fig 1. Pierce-Donacky biventricular assist. Left ventricular assist de- 
vice inflow from the interatrial groove and outflow to the ascending 
aorta (Ao). Right ventricular assist device inflow from the right 
atrium (RA), outflow to the pulmonary artery (PA). (IVC = inferior 
vena cava; LA = left atrium; RV = right ventricle.) 
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patient's condition remains stable, the device can be 
inserted without the aid of cardiopulmonary bypass by 
using the interatrial groove approach. A complete de- 
scription of the insertion technique for the VAD is pre- 
sented elsewhere [5]. 

From May 1985 to June 1988, 12 patients (Table 1) who 
were candidates for cardiac transplantation deteriorated 
hemodynamically before donor hearts were procured. 
Eight patients were listed with the United Network for 
Organ Sharing as priority organ recipients, and 4 patients 
were admitted in critical condition and underwent imme- 
diate operation. These patients were placed on a Pierce- 
Donachy VAD as a bridge to cardiac transplantation. 
There were 10 male and 2 female patients with an age 
range of 13 to 55 years and a weight range of 44 to 111 kg. 

All patients had been accepted as candidates for cardiac 
transplantation before VAD placement, and none had 
VAD placement after cardiotomy. Before insertion of the 
VAD, the average ejection fraction was 12.5%, mean 
cardiac index was 1.4 L/m?’, mean systolic arterial pressure 
was 75 mm Hg, and mean wedge pressure was 32 mm Hg 
(Fig 2). All patients had maximal inotropic support to 
maintain adequate tissue perfusion before insertion of the 
VADs. Three patients were intubated before entering the 
surgical suite, and 5 had had a previous cardiac arrest. All 
patients except 1 were neurologically normal before in- 
duction of anesthesia. The obtunded patient was taken to 


Table 1. Clinical Characteristics and Outcome for Patients Being Bridged to Transplantation 











Thoratec/Pierce-Donachy VAD 








: Cannulation 3 
Patient Duration 
No. Cardiomyopathy L-VAD R-VAD (h) Outcome Complications Cause of Death 
1 Acute viral endocarditis LA-AO RA-PA 119.0 TX : Renal failure (reversible) 
2 Dilated LA-AO RA-PA 18.0 Death Bleeding, respiratory Shock lung, brain 
failure death 
3 Hypertrephic LA-AO 494.5 TX Hemolysis, renal failure 
(reversible) 
4 Ischemic LA-AO 4.6 Death Bleeding, intraoperative Pulmonary 
death hypertension 
5 Dilated LA-AO RA-PA 62.0 Death Bleeding, biventricular Bleeding around 
failure cannula 
6 Postpartum LV-AO ke, 26.5 TX None 
7 Ischemic LV-AO RA-PA 58.3 TX None 
8 Ischemic LV-AO 20.5 TX None 
9 Dilated LV-AO 8.5 TX, Bleeding, shock lung Bleeding, died 
death 4h 
10 Ischemic IAG-AO RA-PA 777.6 Death Infection, respiratory Sepsis 
failure, bleeding 
11 Failed transplantation IAG-AO RA-PA 360.0 Death Bleeding Bleeding 
12 Dilated IAG-AO RA-PA 1536.0 TX, Bleeding Cytomegalovirus 
death sepsis, died 3 
mo 





LA-AO = left atrium to aorta; 
RA-PA = right atrium to pulmonary artery; 


IAG-AO = interatrial groove to aorta; 
aorta; 
device. 


R-VAD = right ventricular assist device; TX = transplantation; 





L-VAD = left ventricular assist device; LV-AO = left ventricle to: 


VAD = ventricular assist 
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Fig 2. Hemodynamic findings in patients before ventricular assist 
device insertion: cardiac index (CI) (L/m?), systolic aortic pressure 
(AoP) (mm Hg), mean pulmonary capillary wedge pressure (PCW) 
(mm Hg), and ejection fraction (EJ) (%). 


the operating room during cardiopulmonary resuscita- 
tion. i 
A left VAD was inserted in all patients, and 7 also 
required simultaneous right VADs. Ten patients were 
placed on cardiopulmonary bypass, 6 through the ascend- 
ing aorta and 4 through the femoral artery, before the 
VADs were inserted. Two patients who had the VAD 
placed through the interatrial groove were not placed on 
cardiopulmonary bypass. The VAD outflow cannulas 
were placed in the ascending aorta in all patients. The left 
ventricular inflow cannulas were inserted through the left 
atrial appendage in 5 patients, through the left ventricular 
apex in 4 patients, and through the interatrial groove in 3 
patients. After the left VAD was inserted, an attempt was 
made to wean the patients from cardiopulmonary bypass. 
The right VAD was inserted in 7 patients who could not 
be weaned from cardiopulmonary bypass due to right 
ventricular dilatation, elevated right atrial pressures 
(greater than 20 mm Hg), and inadequate filling of the left 
VAD. In all patients, the direct left atrial pressure was 
monitored through a pressure transducer. Intravenous 
heparin therapy was delayed until mediastinal chest 
drainage was reduced to approximately 25 mL/h. 


Results 


Twelve patients in cardiogenic shock underwent VAD 
placement as a bridge to cardiac transplantation. One 
intraoperative death occurred due to uncontrollable 
bleeding in a reoperative patient who received a left VAD 
only. Three early deaths occurred at 15 and 18 hours and 
.2.6 days; all of these patients had biventricular assist 
devices and none received a transplant. After the VADs 
were inserted and the patients had stabilized, 7 patients 
underwent cardiac transplantation (Fig 3). Three patients 
had biventricular assist devices and 4 had left VADs. One 
patient who received a left VAD died of consumption 
coagulopathy 8.5 hours after transplantation. Another 
patient died of a cytomegalovirus infection 3 months after 
transplantation. The remaining 5 patients are alive and 
well 1 to 4 years after transplantation. 

All the early deaths after insertion of the VAD were 
associated with excessive amounts of blood loss. Techni- 
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TOTAL PATIENTS - 12 


TRANSPLANTED - 7 


Va OPERATIVE DEATH 
1 


DISCHARGED FROM HOSPITAL 
6 


DEATH AT 3 MO FROM 
CMV INFECTION 


LONG-TERM 
SORI TORS 


Fig 3. Patients undergoing implantation of the Pierce-Donachy ven- 
tricular assist device as a bridge to transplantation. (CMV = cyto- 
megalovirus.) 


cal complications related to cannulation caused one of the 
deaths. In 3 other patients, uncontrolled consumption 
coagulopathy developed, which did not respond to med- 
ical or surgical interventions. Nonsurgical bleeding is very 
common after insertion of VADs. It is most important to 
reverse the heparin fully with titrated doses of protamine, 
monitoring the activated clotting times. Complete coagu- 
lation surveys, including platelet counts, prothrombin 
times, partial thromboplastid times, fibrinogen levels, and 
split fibrin products, should be performed frequently. If 
any of the values are abnormal, they must be corrected 
immediately before the patient leaves the operating room. 
Patients with large perioperative bleeding problems have 
statistically less chance of survival because bleeding rather 
than thromboembolism is a greater postoperative risk to 
life (Fig 4). Anticoagulation therapy is reserved until 
mediastinal chest tube drainage is reduced to approxi- 
mately 25 mL/h. At this time, intravenous heparin ther- 
apy is started to maintain the activated clotting time 
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Fig 4. Mean blood loss in milliliters for first 24 hours after insertion 
of ventricular assist devices. Seven patients are alive and 5 are dead. 
(p < 0.05, patients who lived versus those who died.) 
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between 1 and 2 times control. This regimen ensures 
minimal likelihood of cerebrovascular embolus while the 
threat of uncontrolled bleeding is also decreased. 

A moderate amount of hemolysis occurred in the 3 
long-term patients who were VAD dependent for 21, 32, 
and 64 days, respectively. The plasma free hemoglobin 
range was from 15 to 125 mg/dL while patients were on 
VADs, compared with a normal range of 0 to 5 mg/dL. 
These patients required approximately 1 U of blood every 
3 to 4 days to maintain a stable hemoglobin level. The 
remaining 7 patients were not on the VAD long enough 
for any clinically significant hemolysis to be detected. 

Two technical problems were related to cannulation. In 
1 patient who weighed 117 kg, the inflow cannula placed 
to the left atrial appendage was too short for the patient's 
size and caused leakage around the cannula site. This 
resulted in excessive blood loss, consumption coagulopa- 
thy, and death. In a second patient, the cannula was 
placed too deeply into the left atrium through the intra- 
atrial groove and resulted in obstruction to the inflow of 
the cannula. This patient required reoperation; the can- 
nula was withdrawn approximately 1 cm, and flow was 
reestablished. No difference was related to the inflow to 
the VADs whether the cannula was placed through the 
left atrium or through the left ventricle. Placing the inflow 
cannula either in the left ventricular apex or through the 
intraatrial groove rather than the left atrial appendage 
allowed the sternum to be closed, followed by extubation 
of the stabilized patient. This was a major advantage. 

Although no technical problems were encountered in 
placing the cannula through the left ventricular apex, it is 
a more difficult procedure than placing the cannula 
through the intraatrial groove. A patient with recent 
infarction is contraindicated for use of the left ventricular 
approach. The sutures may not hold adequately in these 
patients, resulting in bleeding at the suture line. Two 
patients who had intraatrial groove inflow cannulas and 
whose sternums were closed were able to be extubated 
approximately 1 week after insertion of biventricular 
assist devices. These patients were able to get out of bed, 
sit in a chair, and eat full liquid diets. Unfortunately, both 
patients later became infected and required reintubation; 
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Fig 5. Mean cardiac index while on ventricular assist 
in liters per minute per square meter. 


1 subsequently underwent transplantation and the other 
died of generalized sepsis. 

All patients maintained normal hemodynamics while 
on the VAD, with an average cardiac output of 4 to 4.5 
L/min. This was true whether a left VAD or biventricular 
assist device was inserted (Fig 5). In all 12 patients 
requiring circulatory support, a left VAD was inserted 
first. Inotropic support, dobutamine or dopamine at a 
dose of 10 mg/kg, was always required to wean a patient 
with a left VAD from cardiopulmonary bypass and usu- 
ally was required, although at decreasing doses, through- 
out the entire VAD support period. If administration of 
inotropic agents was discontinued, right ventricular fail- 
ure frequently followed. 

A decision to insert the right VAD was made only after 
attempted weaning with the left VAD in place. To fill a left 
VAD adequately, mean left atrial pressure of approxi- 
mately 15 mm Hg was required. If the right heart was 
unable to generate adequate filling pressures for a left 
VAD, or the right atrial pressure increased above a mean 
of 20 mm Hg, or the right ventricle became distended and 
contracted poorly, a right VAD was immediately inserted. 
A right VAD was also inserted in 2 patients who had 
severe preoperative ventricular arrhythmias. Both pa- 
tients developed refractory ventricular fibrillation after 
placement of the VADs before transplantation. 

Patients who have been placed on biventricular assist 
devices also require inotropic support during the initial 
postoperative period because of low peripheral vascular 
resistance. Moderate doses of epinephrine or norepineph- 
rine (5 to 15 pg/kg) are required to maintain adequate 
perfusion. Inotropic support can usually be tapered 
within 48 hours of VAD implantation; patients can then 
remain support free. Left atrial pressures were usually 
maintained at 15 mm Hg to fill the left VAD adequately 
with appropriate fluid replacement. Pulmonary edema 
was easily controlled by diuresis and, in patients with 
biventricular support, by increasing cardiac output of the 
left VAD slightly over that of the right VAD. Right atrial 
pressures were usually maintained at a mean of 12 mm 
Hg in patients on biventricular assistance. These patients 
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showed no evidence of any peripheral edema whether 
they had left VADs or biventricular assist devices. 

Renal failure developed in 2 patients before the VADs 
were inserted. Both received biventricular assist devices, 
and 1 patient required hemodialysis while on the VAD for 
5 days. The patient continued with hemodialysis after 
transplantation but eventually regained normal kidney 
function. The other patient had improvement of renal 
function while on the biventricular assist device; function 
returned to normal after cardiac transplantation. No pa- 
tient without preexisting renal failure had deterioration of 
renal function while on a VAD. Creatinine levels re- 
mained between 1.2 and 2.5 mg/dL with blood urea 
nitrogen ranging from 15 to 50 mg/dL. 

There were three infections after VAD placement. One 
was a non-VAD-related, successfully treated Legion- 
naires’ disease at seven days after implantation. This 
patient later underwent transplantation and is a long-term 
survivor. Another patient sustained subclavian line sep- 
sis. The Swan-Ganz catheter became entangled in the 
VAD cannula and was difficult to remove. Once the 
catheter was removed, the patient responded to treatment 
and underwent eventual OCT. However, this patient died 
of cytomegalovirus sepsis 3 months after transplantation 
and after discharge. The last patient developed general- 
ized sepsis from an unknown source before transplanta- 
tion. 

Besides pneumonia, the most common source of sepsis 
is through invasive monitoring lines. Therefore, our pro- 
tocol now includes changing of all central lines every four 
days. Swan-Ganz catheters are removed permanently as 
soon as the patient is hemodynamically stable, which 
usually occurs within the first seven days after insertion. 
Whenever a temperature is elevated in patients after VAD 
placement, we obtain a complete fever workup with blood 
cultures. Patients receive antibiotics throughout the entire 
VAD support; initial treatment consists of cephalosporins 
but is changed appropriately according to any positive 
cultures. No infections in the mediastinum or around the 
cannula tracts developed in these patients. 

There were two neurological deficits in long-term pa- 
tients on biventricular assist devices. One patient who 
was infected sustained embolization and a thalamic in- 
farct was documented by computed tomographic scan 
approximately 35 days after VAD insertion. The patient’s 
sepsis was treated successfully; he subsequently regained 
normal neurological function and underwent transplanta- 
tion 64 days after VAD implantation. A second patient, 
who was also septic, developed a left lower extremity 
weakness at 19 days after implantation. The patient sub- 
sequently died of sepsis 33 days after implantation, and 
for his last four days was neurologically unresponsive. 
Both of these patients were on full heparinization at the 
times of their strokes. We stress that both of these patients 
were infected at the time of their neurological event. 

After the VADs were inserted and the patients were 
stabilized, 7 patients underwent cardiac transplantation. 
Three were on biventricular assist devices and 4 were on 
left VADs. One patient, who received a left VAD, died of 
consumptive ccagulopathy 8.5 hours after transplanta- 
tion. Another patient died of a cytomegalovirus infection 
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3 months after transplantation. The remaining 5 patients 
are alive and well 1 to 4 years after transplantation. They 
are all in functional class I. 


Comment 


Improved results with OCT have resulted in proliferating 
cardiac transplant programs, increased pressure on the 
donor pool, and more patients deteriorating to pretrans- 
plantation cardiogenic shock [6]. We used the Pierce- 
Donachy VAD to intervene with these critically ill patients 
as a bridge to OCT. 

Of the 12 patients who underwent primary VAD place- 
ment as a bridge to transplantation, 7 had OCT within one 
to 64 days. The 5 survivors are alive and well 1 to 4 years 
postoperatively. These results compare favorably with 
results of other investigators [2-4, 7, 8]. Patient selection 
after VAD placement but before OCT played a major role 
in eventual survival as all patients but 1 were hemody- 
namically, hematologically, and neurologically stable be- 
fore transplantation. This led to a more efficient use of the 
available donor hearts with a greater chance for success. 

Substantial morbidity is associated with VAD place- 
ment and includes bleeding, hemolysis, infection, stroke, 
and mechanical dysfunction [2, 9]. Clearly, the most 
important immediate problem is bleeding. Pennock and 
associates [1] and Farrar and co-workers [2] both reported 
severe bleeding with VAD placement in postcardiotomy 
and primary bridge to transplantation patients. Our expe- 
rience mirrored these reports and showed that patients 
who have had previous median sternotomy and those 
who require extensive adhesiolysis are at great risk for 
severe postoperative bleeding. Two operative deaths oc- 
curred under such conditions. Ongoing long-term hemo- 
lysis by plasma free hemoglobin studies was observed in 
3 patients who were VAD dependent for 21, 32, and 64 
days, respectively. Other investigators [2, 10, 11] have not 
encountered this problem, presumably due to the short- 
term use of the VAD in their patients. All our long-term 
(>21 days) VAD patients had hemolysis and some re- 
quired blood transfusions. 

After hemodynamic and hematological stabilization, 
infection looms as the most serious impediment to suc- 
cessful OCT. Pennock and other researchers have empha- 
sized the importance of avoiding sepsis in patients being 
bridged to transplantation [2, 8]. We have avoided can- 
nula tract infections and mediastinal sepsis by local anti- 
septic wound care and continuing intravenous antimicro- 
bial therapy. Swan-Ganz catheters are removed as soon as 
practical, and all central catheters are changed every 4 to 
5 days. Clearly, the longer VAD patients must wait for 
OCT, the greater the risk for infection and death. 

Clinical cerebrovascular thromboembolic complications 
occurred in 2 septic patients. One patient had complete 
resolution and subsequent successful OCT; the other died 
of post-VAD sepsis before OCT. Neurological events such 
as these have been reported by other investigators [2, 8] 
and remain a constant threat. In the immediate postoper- 
ative period, however, bleeding rather than thromboem- 
bolytic complications is the greater risk to life. Conse- 
quently, intravenous heparin anticoagulation therapy was 
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delayed until bleeding was controlled. This regimen 
helped to minimize early bleeding complications and late 
cerebrovascular thromboembolic events. 

Guidelines for VAD placement have been reviewed by 
other investigators [1-3, 12] and merit discussion. All 
patients with the degree of cardiogenic shock we describe 
require a left VAD. The decision to place the right VAD in 
addition to the left VAD is based on the hemodynamic 
data recorded during the attempted separation from car- 
diopulmonary bypass. Severe ventricular arrhythmias, 
increasing right atrial pressures (>20 mm Hg), and poorly 
contractile right ventricles unable to maintain left atrial 
pressures greater than 15 mm Hg are all indications to 
insert the right VAD. Pierce, Pennington, Zumbro, and 
their associates [3, 7, 9] have all emphasized the impor- 
tance of right ventricular failure in this group of critically 
ill patients. 

Patients who have been placed on VADs require ino- 
tropic support to be weaned from cardiopulmonary by- 
pass. Patients with left VADs usually require dopamine or 
dobutamine (5 to 10 pg/kg) to provide adequate right 
ventricular output. Administration of these inotropic 
agents is usually maintained at low doses throughout the 
VAD period. Those patients who require biventricular 
assist devices also require initial inotropic support, usu- 
ally epinephrine or norepinephrine (5-10 yg/kg), because 
of low peripheral vascular resistance. Within a few hours 
after the patient is weaned from cardiopulmonary bypass, 
the peripheral vascular resistance usually begins to in- 
crease and inotropic support can be tapered off. Our 
patients achieved hemodynamic stability easily on VADs 
with excellent perfusion, which is similar to the findings 
of Pierce, Pennington, Pae, and their co-workers [9-11]. 
Cardiac output ranged from 4 to 5 L/min with normal 
systemic pressures. Left atrial pressures were usually 
maintained at 15 mm Hg to ensure adequate filling of the 
left VAD with appropriate fluid replacement. Right atrial 
pressures were maintained at about 12 mm Hg. There was 
no evidence of any peripheral edema or venous conges- 
tion. Pulmonary edema was easily controlled by appro- 
priate diuresis or by increasing left ventricular output 
slightly over right ventricular output. 

The guidelines for OCT after VAD placement are critical 
to the economic and moral use of the available and 
shrinking donor pool. We believe that all patients should 
be hemodynamically, hematologically, and neurologically 
stabilized before OCT. One of our patients never had 
post-VAD, pretransplantation control of a consumption 
coagulopathy. He underwent OCT shortly after VAD 
placement but the coagulopathy never resolved and he 
died of uncontrollable hemorrhage. Clearly, this patient 
would have profited from more time to stabilize, whereas 
another patient may have benefited from the donor heart. 
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The dilemma of concomitant post-VAD, pretransplanta- 
tion organ failure requires careful evaluation. Potentially 
reversible organ failure is not a contraindication to OCT, 
as we had 1 patient who required renal dialysis while on 
VAD support but had successful OCT with return to 
normal renal function. However, one must use careful 
and prudent judgment in evaluating these critically ill 
patients realistically before OCT. 

The long-term survival of these patients should reflect 
the survival rates of non-VAD OCT patients. Optimal 
stabilization of VAD patients before transplantation [2, 7, 
8, 12] will ensure an efficient use of donor hearts with 
acceptable mortality and morbidity rates. Our 5 surviving 
patients are in class I and are indistinguishable from other 
transplant patients. 
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Local irrigation with gentamicin sulfate represents a 
possible substitute for neomycin sulfate, used for many 
years but now no longer available for use as an irrigation 
fluid. In this investigation, mediastinal irrigation with 
gentamicin was used in 12 patients who had experienced 
problems after a heart operation. The regimen employed 
for mediastinal irrigation with gentamicin was equipo- 
tent with that using neomycin. We sought to determine 
the degree of absorption and risk of either inadequate or 
toxic blood levels that might follow gentamicin absorp- 
tion. Irrigation periods were short, ranging from one to 
four days and determined by measurements of plasma 
gentamicin concentration using radioimmunoassay eval- 


lagett and Geraci [1] introduced the use of neomycin 

sulfate irrigation using a 0.25% concentration in 
saline solution for the treatment of postpneumonectomy 
empyema in 1963. Despite its risk of ototoxicity, nephro- 
toxicity, and neuromuscular blockade [2, 3], irrigation of 
the mediastinum with neomycin solutions has been used 
for many years for the prevention and treatment of 
mediastinitis after cardiac procedures [4-6]. In such in- 
stances, one or both pleural cavities can be open and 
tissue surfaces are usually inflamed, circumstances pre- 
disposing to systemic uptake of the drug [6, 7]. Neomycin 
was not designed for parenteral use, and laboratory 
assays for measuring its concentration in blood are diffi- 
cult to perform. In this decade, courts have held that 
irrigation with neomycin solutions is unacceptable with- 
out the monitoring needed to avoid toxic blood levels [8]. 
Consequently, its manufacture in parenteral form has 
been discontinued. 

Gentamicin sulfate may be an acceptable alternative to 
neomycin if an aminoglycoside mediastinal irrigation so- 
lution is clinically indicated. Compared with neomycin, 
gentamicin possesses a similar antibacterial spectrum, is 
less toxic, less expensive when mixed in equivalent con- 
centrations, ie, 800 mg of gentamicin in 1.0 L of normal 
saline solution, a 0.08% solution with 800 g/mL versus 
neomycin 0.25% (2.5 g/L), and equally diffusible [7]. In 
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uation. Systemic gentamicin absorption occurred in all 
patients. Toxic levels of higher than 8.0 pg/mL occurred 
and were size related, ie, correlated with smaller body 
weight and surface area, and sex related, ie, female sex. 
Larger-sized patients often had inadequate levels. De- 
spite the potential risk from toxic blood levels, major 
increases in serum creatinine levels were not seen. These 
findings suggest that monitoring of plasma gentamicin 
levels during mediastinal irrigation with gentamicin is 
mandatory to avoid both inadequate treatment and tox- 


icity. 
(Ann Thorac Surg 1989;48:228~-31) 


addition, the assay for gentamicin concentration in blood 
is easy-to perform [9-11]. At Emory Hospital, when 
parenteral neomycin was discontinued, it was replaced by 
this gentamicin solution, similarly used at rates of 100 
mL/h [1], when indicated for mediastinal irrigation. 

This retrospective study sought to determine (1) 
whether gentamicin solution used in the same fashion as 
neomycin for mediastinal irrigation could produce blood 
levels of sufficient magnitude to be measured clinically; (2) 
whether these levels might reach the toxic range; and (3) 
what factors might predispose to increased gentamicin 
absorption, as guidelines for the use of gentamicin irriga- 
tion of the mediastinum are not available. ` 


Material and Methods 


Records of patients requiring irrigation. of the mediasti- 
num with gentamicin were reviewed to determine 
whether toxic levels of gentamicin or.changes in creati- 
nine levels had occurred, and to see whether these levels 
were related to sex, body weight, or body surface area 
(BSA). The 12 patients, 6 men (mean weight, 78.4 + 8.06 
kg) and 6 women (mean weight, 65.7 + 10.8 kg) aged 40 
to 75 years, had mediastinal irrigation with a 0.08% 
gentamicin solution at a rate of 100 mL/h after admission 
to the intensive care unit. All patients had undergone 
coronary artery revascularization, and 3 had had a valve 
procedure as well. The perioperative course was marked 
by major hemodynamic instability, accompanied by either 
reexploration or failure to effect chest closure. Bleeding 
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was not excessive at the time gentamicin irrigation of the 
mediastinum was begun. 

Nephrotoxicity was defined as a rise in the baseline 
serum creatinine level of at least 30% during or after the 
infusion period. 

Samples for plasma gentamicin assay were drawn be- 
fore the initiation of irrigation and at the following times 
during gentamicin infusion: 8, 16, 24, and 36 hours. In 2 of 
the patients, irrigation was continued for an additional 48 
hours, and levels were further determined at intervals of 
12 to 24 hours until the infusion was discontinued. After 
discontinuation of the infusion, blood samples were 
drawn at 1, 4, 12, and 24 hours to assure drug clearance. 

Gentamicin samples were drawn from an indwelling 
arterial catheter, saved in 5.0-mL unheparinized tubes, 
and immediately centrifuged at room temperature with 
the serum removed and stored at —70°C for later analysis. 
Blood gentamicin levels were assayed using a fluores- 
cence polarization immunoassay (Abbott TDx System; 
Abbott Diagnostics, Irwing, TX), a method widely used 
for monitoring antibiotic therapy with an error of + 5.0% 
in the clinical range of concentrations {12}. Guidelines for 
parenteral use of gentamicin are readily available, and 
have as accepted target levels a peak of &.0 ug/mL anda 
trough of 2.0 ug/mL [13]. Similar guidelines for neomycin 
are not available. Plasma gentamicin levels were reported 


18 to 24 hours after the sampling time. Infusions were . 


slowed to 50 mL/h or stopped if levels higher than 
normally accepted peaks, ie, 8 ug/mL, were seen. 

The significarce (p < 0.05) of differences in mean 
plasma concentration of gentamicin with respect to sex, 
weight (>70 kg versus <70 kg), and BSA (>1.75 m? 
versus <1.75 m?) during the course of the gentamicin 
irrigation were determined with £ tests and the signifi- 
cance of the increases in serum creatinine levels, with 
paired t tests. 


Results 


By 16 hours of irrigation, a size-related effect was evident. 
Five of the 6 women and 1 older man (patient 7, 72 years 
old} had plasma gentamicin levels greater than 8.0 ng/mL 
(Table 1). In contrast, 3 of the men failed to reach a 
therapeutic level of 2.0 ug/mL. Patients with a BSA less 






SERUM 
GENTAMICIN 
LEVEL 
ugal 


E LOU BSA 
H HIGH BSA 





TIME (h) FROM START OF IRRIGATION 


Fig 1. Body surface area (BSA) versus gentamicin sulfate levels. (NS 
= not significant; * = p < 0.05.) 
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Table 1. Gentamicin Levels With Irrigation 








Body Plasma Gentamicin Levels* 
Patient Weight oii Time After Starting Irrigation 
No. Sex (kg) (mô Start 8h 16h 24h 36h 
1 M 73 1.65 1.8 16 17 19 3.4 
2 M 795 2.01 78 46 37? 17 07 
3 F 52 1.51 04 10.2 11.89 126 ND 
4 M 72 1.71 0.1 0.7 13 10 20 
5 F 68 1.70 0.7 19.6 26.4% 32.0 22.0 
6 F 63 1.66 3.5 141 15.2° 15.8 143 
7 M 79 201 14 87 11.22 70 39 
8 F 84° 189 13 10 09 10 08> 
9 F 59 163 5.3 15.2 134 127 175 
10 M 72 193 04 10 16 17 09 
11 M 9 2.10 ND 30 44 54 51 
12 F 68 1.65 ND 66 124 140 12.6 





= Data are shown in micrograms per milliliter. © Irrigation was halted. 


ND = not drawn. 


than 1.75 m? had significantly higher mean gentamicin 
levels than those with a BSA greater than 1.75 m? (Fig 1). 
Because BSA, weight, and sex were interrelated, mean 
gentamicin levels were also significantly different in those 
patients whose body weight was less than 70 kg versus 
those whose weight was greater than 70 kg (Fig 2), and 
similarly, female patients, 5 of the 6 of whom were in the 
lower weight and smaller BSA group, had significantly 
higher mean plasma gentamicin levels than their male 
counterparts (Fig 3). 

When gentamicin irrigation was stopped, levels fell 
with reasonable rapidity, as illustrated by the case of 1 
patient (patient 6) who had high gentamicin levels (Fig 4). 

Mean serum creatinine values rose significantly with 
irrigation (Table 2). The change from the mean preopera- 
tive value to the mean value on postoperative day 1 was 
compared using paired t tests: the difference, 1.25 to 1.72 
was significant (t = 4.0, p < 0.005). The change between 
the mean preoperative value and the mean value on 
postoperative day 2 was similarly compared: the differ- 
ence, 1.25 to 1.85, was also significant (t = 3.8, p < 0.005). 


12 
sma 7° 

GENTAMICIN g W 50-69 kg 
LEVEL 
ugal >70 kg 


phi 





0 8 16 24 36 

TIME (h) FROM START OF IRRIGATION 
Fig 2. Weight versus gentamicin sulfate levels. (NS = not signifi- 
cant; * = p < 0.05.) 
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SERUM 


GENTAMICIN E FENALE 
cara H MALE 





6 8 16 24 36 
TIME (h) FROM START OF IRRIGATION 


Fig 3. Sex versus gentamicin sulfate levels. (NS = not significant; 
* = p < 0.05.) 


No deaths occurred as a result of renal dysfunction, and 
all of the patients who survived had normal or nearly 
normal creatinine values by the end of the study period. 
Two of the 12 patients died. Purulent mediastinitis with 
a gram-positive organism developed in another patient. 


Comment 


Despite the known hazards, irrigation with aminoglyco- 
side antibiotics is widely used and considered indicated in 
patients with mediastinitis [4, 5]. Failure to monitor blood 
levels as part of the attempts to avoid toxic complications 
is now considered negligent [8]. Monitoring the plasma 
concentrations of neomycin is difficult; consequently, this 
drug is no longer available for mediastinal irrigation. This 
has created the need for a drug that has similar character- 
istics and can be easily monitored. For this study, we used 
the aminoglycoside gentamicin, Patients underwent gen- 
tamicin mediastinal irrigation using a similar flow rate 
(100 mL/h) and potency (0.08%) as used for many years 
with neomycin. 

Systemic absorption of gentamicin occurred in all pa- 
tients. Like peritoneal dialysis, absorption and transfer of 


GENT (tig/mL) 
CREAT (mg/dL) 





g 20 40 60 80 Rie 120 
ae hours 


Irrigation (100 ceh) started Irrigation ended 
Irrigation (50 cc/h) 


Fig 4. Gentamicin sulfate (GENT) and creatinine (CREAT) levels in 
a typical patient with a small body surface area. 
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Table 2. Creatinine Levels With Irrigation 
Body Serum Creatinine Levels* 
Surface 
Patient : Weight Area ——H—_____-_ 
No. Sex (kg) (m°) Preop POD 1 POD 2 POD 3 POD 4 


Time After Starting Irrigation 


1 M 73 165 13 20 18 ND 17 
2 M 795 2.01 13 21 2% 22 1.7 
3 F 52 1.51 17 26 28 Died 

4 M 72 1.71 13 ND 13 14 1.6 
5 F 68 1.70 1.2 2.2 Died Sat «gts 
6 F 63 166 10 15 18 1&® 1.2 
7 M 7 2.01 14 12 #216" ND ND 
8 F 84 1.89 11 13? 15 1.9 1.4 
9 F 59 163 L1 16 19 17 13 
10 M 72 193 12 14 13 ..? ND 
11 M 95 2.10 ND 29 23 20 1.7 
12 F 68 165 11 13 1.3? 14° 12 


* Data are shown in milligrams per deciliter. > Irrigation was halted. 


€ Irrigation was started again. 


ND = not drawn; POD = postoperative day. 


the drug across the membrane surfaces of the mediasti- 
num were usually enough to produce adequate systemic 
gentamicin levels. The resultant plasma gentamicin con- 
centrations were insufficient to produce a therapeutic 
effect, ie, less than 2 ug/mL, in some patients but were 
toxic in others, who showed rapid rises to blood levels 
that reached and remained higher than the accepted 
peaks for conventional systemic gentamicin therapy. 
Toxic levels were associated with female sex, lower 
weight, and smaller BSA. Adjustment, upward or down- 
ward, of the irrigation flow rate was necessary in many of 
the patients to avoid the extremes of both inadequate 
therapy or gentamicin toxicity. 

The irrigation periods were all short term. Although 
statistically serum creatinine levels rose to a moderate 
degree, the increase in the survivors was reversible, and 
clinically significant nephrotoxicity [10, 14] did not de- 
velop. However, it is obvious that for prolonged periods 
of irrigation, safe tissue concentrations are necessary. 
Therefore, monitoring with a target for blood gentamicin 
levels near accepted troughs is essential to minimize risks. 

We conclude that gentamicin, 0.08% in normal saline 
solution, can safely be used for mediastinal irrigation in 
patients at risk for mediastinitis. However, the irrigation 
flow rate should be based on BSA, as clinically significant 
systemic absorption can occur. Furthermore, monitoring 
of plasma gentamicin levels is essential both to assure 
adequate therapeutic levels and to avoid potential toxic- 


ity. 


Richard I. Hall is a Merck Sharp & Dohme International Fellow in 
Clinical Pharmacology. 
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Cardiac arrhythmias are a frequent complication after 
thoracic operations. The prophylactic value of flecainide 
administered as a constant-rate, intravenous infusion 
(0.15 mg/kg/h) after a loading dose (2 mg/kg) was tested 
in a randomized, placebo-controlled study in 30 patients 
using Holter monitoring during the first 72 hours after 
operation. A high incidence of atrial and complex ven- 
tricular arrhythmias was obseived in the placebo-treated 
group, with a clear predominance in patients undergoing 


Coe arrhythmias, of both ventricular and su- 
praventricular origin, are a well-recognized compli- 
cation after noncardiac thoracic operations [1, 2]. Only 
digoxin has been extensively studied as a prophylactic 
antiarrhythmic drug in this clinical setting, but its value in 
this indication remains controversial [3]. The efficacy of 
flecainide, a new type Ic antiarrhythmic agent, in treating 
both ventricular and supraventricular arrhythmias has 
been demonstrated [4, 5]. To our knowledge, its prophy- 
lactic value has not yet been ascertained. Therefore, our 
study was aimed at determining the type and frequency 
of arrhythmias and the value of flecainide in preventing 
cardiac arrhythmias during the first 72 hours after a 
noncardiac thoracic operation. This period of monitoring 
was chosen because it has been reported that more than 
60% of the arrhythmias appear during the first three 
postoperative days [6]. 


Subjects and Methods 


Inclusion and Exclusion Criteria 

Patients eligible for elective noncardiac thoracic operation 
were allowed to enter the study if they had no severe 
cardiac failure (stage III or IV according to the New York 
Heart Association classification), atrioventricular block 
(Mobitz type I or II, complete atrioventricular block), 
bifascicular block or bundle branch block, sick sinus 
syndrome, unstable angina pectoris, history of myocar- 
dial infarction within 12 weeks of the start of the study, 
known allergy to flecainide, or hepatic (aspartate ami- 
notransferase or alanine aminotransferase level > 3 times 
the normal values) or renal failure (plasma creatinine level 
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left thoracotomy. Antiarrhythmic drugs had to be added 
in 6 patients in the placebo-treated group (n = 16), but in 
none in the flecainide-treated group (n = 14) (p < 0.01). 
The preventive effect of flecainide was observed at serum 
concentrations in the middle of the therapeutic range 
(409 ng/mL) without side effects. It is concluded that 
flecainide administration effectively reduced or pre- 
vented cardiac arrhythmias after thoracic operations. 
(Ann Thorac Surg 1989;48:232-4) 


> 300 umol/L) and were not taking antiarrhythmic drugs, 
calcium antagonists, or digitalis. The study was approved 
by the Ethics Committee of our institution. Informed 
consent was obtained from all patients. 


Study Design 
Thirty consecutive patients meeting the inclusion criteria 
and without any exclusion criteria were randomly allo- 
cated in a single-blind fashion to one of two groups. 
Rhythm monitoring was performed with the Holter tech- 
nique before and after operation during periods of from 24 
up to 72 hours. Automatic and manual analysis of tapes 
was done without knowledge of the patients’ condition. 
After admission to the surgical intensive care unit, 
group A patients received an infusion of flecainide (2 
mg/kg) over 60 minutes as a loading dose, followed by a 
maintenance infusion at a rate of 0.15 mg/kg/h, calculated 
to produce serum concentrations in the middle of the 
therapeutic range, up to the end of the study. Group B 
patients received an infusion of normal saline solution 
(placebo). Blood samples were drawn at the end of the 
loading dose, at 4 and 12 hours of the start of the 
maintenance infusion, and every 12 hours thereafter up to 
72 hours. Urine samples were collected at eight-hour 
intervals during the first 24 hours and at 12-hour intervals 
thereafter for flecainide concentration measurement. 


Concurrent Treatment 


Postoperative analgesia was provided by a constant intra- 
venous infusion of morphine (2 to 5 mg/h) or by the 
administration of morphine (3 mg) through a peridural 
catheter. When present, hypertensive episodes were 
treated either by nitrates, sodium nitroprusside, or phen- 
tolamine. Digitalization was undertaken if heart failure 
remained uncontrolled by diuretic agents (furosemide or 
ethacrynic acid) and peripheral vasodilators. Arrhythmias 
were treated in either group if frequent complex ventric- 
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ular arrhythmias (Lown type IV or V) developed or if 
supraventricular arrhythmias were accompanied by alter- 
ations of the ST segment or were hemodynamically poorly 
tolerated. Plasma potassium level was maintained be- 
tween 3.6 and 4.5 mmol/L by an intravenous infusion of 
potassium chloride. The patients were mechanically ven- 
tilated for six to 24 hours; weaning was performed using 
the synchronous intermittent mandatory ventilatory tech- 
nique. Patients were questioned twice daily about the 
appearance of side effects. 


Evaluation of the Results 


Electrocardiographic monitoring was performed with a 
two-channel Marquette 8500 electronics recorder. Tapes 
were scanned on a Marquette Laser-Holter monitor for 
detecting and quantitating supraventricular and ventricu- 
lar arrhythmias. All tapes were also reviewed manually by 
one of the investigators (A.B.). Serious arrhythmias were 
defined as follows: (A) ventricular: complex ventricular 
arrhythmias graded according to Lown criteria (IVa = 
couplets, [Vb = ventricular tachycardia; V = R on T 
phenomenon); (B) atrial: atrial fibrillation or flutter, par- 
oxysmal supraventricular tachycardia. Episodes of parox- 
ysmal supraveniricular tachycardia were defined as an 
atrial rate greater than 100 beats/min and a cycle length at 
least 15% faster than the basic sinus rhythm, with abrupt 
onset and termination and a P wave morphology dis- 
tinctly different from sinus P wave. Treatment failure was 
defined as the need for increasing the dose or introducing 
a new antiarrhythmic drug. 

Flecainide levels in serum and urine were determined 
by high-pressure liquid chromatography with ultraviolet 
detection. Systemic clearance of flecainide was calculated 
as the rate of infusion divided by the serum concentration 
at steady state (mean of the measured serum concentra- 
tion at the plateau). Renal clearance was calculated as the 
amount of flecainide excreted divided by the area under 
the serum concentration-time curve. The area under the 
serum concentration-time curve was calculated by the 
trapezoidal rule [7]. 

Statistical evaluation of the results was done using 
Fisher’s exact test or the y or the Mantel-Haenszel y 
methods [8, 9]. Results are given as mean + standard 
error of the mean. 


Results 


Patients in groups A (flecainide; n = 14) and B (control; n 
= 16) were comparable in terms of age (51 + 5 years 


Table 1. Distribution of Surgical Procedures 








Flecainide Group Control Group 





Type of Operation Right Left Right Left 
Lobectomy 4 5 6 4 
Bilobectomy 2 

Pneumonectomy 1 xox! 1 

Pleural decortication ar 2 1 

Other shes ive 1 1 
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Table 2. Treatment Failure Distribution According to 
Treatment and Side of Thoracotomy 





Flecainide Group Control Group 





Variable Right Left Right Left 
Number treated 7 7 9 7 


Number of failures 0 0 1 5 


range, 19 to 72] versus 59 + 3 [range, 44 to 71)), 
underlying disease (neoplasias, 11 versus 13; tuberculosis, 
2 versus 1; secondary to an infectious pleural effusion, 1 
versus 2), and type of surgical procedures (Table 1). 

No treatment failure was observed in group A, whereas 
6 patients in group B had to receive an antiarrhythmic 
drug (p < 0.05; Table 2): 3 patients because of complex 
ventricular arrhythmias and the 3 others because of atrial 
fibrillation hemodynamically poorly tolerated. Even after 
excluding these 6 patients, the number of premature 
ventricular contractions per hour and per patient was 
significantly decreased in group A compared with group 
B (p < 0.05) (Fig 1). In addition, there was a tendency 
toward a decrease in the number of paroxysmal supraven- 
tricular tachycardias in group A (0.1 versus 1.0 per patient 
per day). Complex ventricular arrhythmias (Lown type IV 
and V) were observed in 10 patients (83%); 2 in group A 
(2/14) and 8 in group B (8/16) (p < 0.05). 

Considering the effect of the side of the thoracotomy on 
the incidence of arrhythmias, no difference was observed 
between left and right thoracotomy in group A. In con- 
trast, a significant increase in the incidence of arrhythmias 
was noticed in group B patients with left thoracotomy 
(Table 2). 

The constant-rate flecainide infusion resulted in mean 
steady-state plasma levels of 409 + 67 ng/mL. The sys- 
temic and renal clearance rates of flecainide were 499 + 55 
mL/min (7.4 + 1.0 mL/kg/min) and 123 + 15 mL/min (1.9 
+ 0.2 mL/kg/min), respectively. No side effects related to 
this low-dose flecainide infusion were observed. 
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Fig 1. Mean premature ventricular contractions (PVC) per hour per 
patient in treated and control groups. (Open box = before operation; 
narrow cross-hatch = day 1; wide cross-hatch = day 2; solid 
box = day 3 after operation.) 
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Comment 


This study demonstrated a very high incidence of atrial 
and ventricular arrhythmias after thoracic operations. 
Previous studies [6, 10, 11] have shown an incidence of 
dysrhythmias after noncardiac thoracic operations rang- 
ing from 3% to 40%, appearing mostly during the first 
three days after operation [6]. Supraventricular arrhyth- 
mias, atrial fibrillation in particular [6, 11], have been most 
often described. Little information is available concerning 
the number and severity of ventricular dysrhythmias. 
Ghosh and Pakrashi [2] have reported the appearance of a 
low incidence of premature ventricular contractions after 
thoracotomy. The unexpected high incidence (33%) of 
complex ventricular arrhythmias (Lown type IV or V) 
found in our study is probably explained by differences in 
monitoring techniques among the previous studies and 
our study: either 12-lead electrocardiographic preopera- 
tive and postoperative recordings [6, 10, 11], routine 
continuous electrocardiographic monitoring [12], or con- 
tinuous Holter monitoring, as in our study. Indeed, it has 
been shown that the number of ventricular arrhythmias in 
the coronary care unit were underestimated by continu- 
ous electrocardiographic monitoring compared with 
Holter monitoring [13]. 

We found an increased incidence of arrhythmias in 
patients undergoing left thoracotomy. This is in accor- 
dance with the results previously reported by Mowry and 
Reynolds [6]. Moreover, the importance of the operative 
side is highlighted by the higher failure rate observed in 
the placebo-treated group undergoing left thoracotomy. 

The beneficial effect of flecainide infusion as compared 
with placebo in preventing both atrial and ventricular 
dysrhythmias was striking. As Krowka and co-workers 
[12] recently reported that tachydysrhythmia after pneu- 
monectomy is associated with significant mortality, our 
findings, albeit in a small group of patients, have clear 
clinical relevance. However, the value of flecainide in 
decreasing the mortality rate was not addressed by our 
study and remains to be evaluated. Similarly, its value in 
preventing morbidity after thoracotomy still needs to be 
assessed. 

Digoxin has been the only drug extensively studied in 
the prevention of arrhythmia after thoracic operations, 
but its role remains controversial. Some investigators 
found it beneficial [10] and others of no benefit [3]. 
Therefore, we decided to compare the effects of flecainide 
prophylaxis with placebo. 

The protective effect of flecainide was afforded at serum 
concentrations in the middle of the previously reported 
therapeutic range [14, 15], and was not associated with 
any adverse effect. The renal clearance of flecainide was 
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slightly lower in our patient population than observed in 
normal volunteers [14]. The systemic clearance of flecain- 
ide, however, was not appreciably different from previ- 
ously reported values [14]. These results suggest that the 
immediate postoperative period itself is not associated 
with clinically significant alterations in flecainide disposi- 
tion. 

In conclusion, constant rate, intravenous infusion of 
flecainide administered during the three days after tho- 
racic operation reduced or prevented cardiac arrhythmias, 
in comparison with a control group, without any side 
effects. 
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Controversial Aspects of Coronary Endarterectomy 
C. Minale, MD, S. Nikol, MD, M. Zander, MD, R. Uebis, MD, S. Effert, MD, and 


B. J. Messmer, MD 


Department of Thoracic and Cardiovascular Surgery and Department of Internal Medicine I, University Hospital of RWTH Aachen, 


Aachen, West Germany 


Between 1980 and 1987, 635 patients uriderwent coronary 
bypass. grafting conibined with coronary endarterec- 
tomy. A total of 728 vessels were endarterectomized and 
grafted. There were 15 early deaths (2.3%). The mortality 
rate was higher (7.8%) for multiple-vessel endarterec- 
tomy (p < 0.05). The ratio of MB fraction of creatine 
kinase to total creatine kinase was greater than or equal 
to 0.10 in 48% of the cases. The first consecutive 132 
survivors were followed for an average of 16 months 
(range, 4 months to 5 years). No late deaths occurred. 
Fifty-nine unselected patients underwent postoperative 
recathetérization at 4 mean interval of 18 months. An 
improvement in heart wall contractility could be detected 
in 13 patients (16. 5%) and deterioration in 14 patients 
(17.7%). A more detailed analysis of wall contractility 
showed a higher rate of improvement in the posterior 


ndarterectomy of the coronary arteries was intro- 
duced originally by Bailey and colleagues in 1957 [1]. 
In the early days this technique was applied in combina- 
tion with a patch plasty in proximal lesions and was, 
therefore, suitable for only a small number of patients. 
Continued development, especially by the Cleveland 
Clinic [2-4] and Johnson and associates [5, 6], resulted in 
a new and more extended surgical approach to advanced 
coronary artery disease. Coronary endarterectomy now 
represents a well established complementary technique to 
coronary artery bypass grafting. 

Since 1972, an increasing number of reports have been 
published on this subject, most of them dealing with 
technical aspects, operative risk factors, early and late 
clinical results, and patency rates of endarterectomized 
coronary arteries [3-11]. Nevertheless, the method re- 
mains controversial. The question has been raised as to 
whether or not extended endarterectomy in coronary 
arteries supplying myocardial areas with a high compo- 
nent of fibrosis is still meaningful [12]. This aspect and the 
question of whether or not coronary endatterectomy may 
be more harmful than beneficial [13] prompted us to study 
left ventricular wall motion in patients undergoing coro- 
nary endarterectomy. 
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wall than in the anterior wall (p> > 0.05). Furthermore, the 
better the contractility before operation, the greater the 
rate of deterioration after operation (p < 0.05). Despite an 
average of 55% of all endarterectomized vessels being 
occluded or severely restenosed, 90% of the patients were 
clinically improved. A multiparametric analysis revealed 
that the revascularization of myocardial areas that re- 
quired endarterectomy had no significant influence with 
respect to clinical improvement. Endarterectomy should 
be limited, whenever possible, to myocardial areas with 
already impaired contractility. Endarterectomy of multi- 
ple branches should be treated with caution because the 
risk of deterioration is potentiated, with a significantly 
higher perioperative mortality rate. 


(Ann Thorac Surg 1989;48:235-41) 


Material and Methods 
Study Patients i 
Between January 1980 and April 1987, 635 patients under- 
went coronary artery bypass grafting coinbined with 
coronary endarterectomy of one or more coronary arter- 
ies. There were 567 men and 68 women with an averagé 
age of 56 + 4 years (range, 37 to 75 years). Indication for 
operation was angina in 419 patients (66%) and angina 
combined with signs of cardiac failure in 216 patients 
(34%). According to the Canadian Cardiovascular Society 
classification [14], 63 patients (10%) were in class II, 546 
patients (86%) were in class III, and.26 patients (4%) were 
in class IV. Serious dysfunction of the left ventricle with a 
left ventricular end-diastolic pressure of 20 mm Hg was 
present in 111 patients (17.5%). Altogether, 728 vessels 
were treated by endarterectomy. This represents 30% of 
the 2,590 grafted vessels in this group of patients (Tablė 
1). Indication for endarterectomy included complete cor- 
onary occlusion, local intimal ulceration, and diffuse se- 
vere calcification with serial stenoses. 

Surgical Technique . 
Operation was performed using cardiopulmonary bypass 
and moderate hypothermia of 28°C. Cardiac arrest was 
achieved with cold crysialloid cardioplegic solution. The 
left ventricle was vented in all patients. Distal anastomo- 
ses were accomplished during cardiac arrest, whereas 
aortic anastomoses were performed during reperfusion 
and the rewarming period. Endarterectomy was done 
maniially, with the aid of either a dissector or a Mosquito 
clamp. On the right coronary artery and occasionally on 
the distal left anterior descending coronary artery (LAD), 
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Table 1, Frequency of Endarterectomy Performed on the 
Different Coronary Artery Branches 








Variable No. % 
Total CABG 2,390 
Total endarterectomy 728 30.0 
Artery 
LAD 167 23.0 
DG 45 6.0 
Cx 75 11.0 
RCA 441 60.0 
Number of vessels 
One 563 88.7 
Two 31 8.0 
Three or more 21 3.3 





CABG = coronary artery bypass grafting; Cx = circumflex artery; 
DG = diagonal branch; LAD = left anterior descending coronary 
artery; RCA = right coronary artery. 


dissection was started at the site of the arteriotomy and 
carried out distally as far as possible by the half-closed 
technique. At the LAD, a long incision of the vessel was 
preferred (Fig 1) to reopen important septal and diagonal 








Fig 1. Vein graft (arrow) anastomosed over a long incision of the left 
anterior descending coronary artery. The endarterectomized core is 
demonstrated on the right of the vein path. 
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Fig 2. Histological cross-section of an endarterectomy core, Severe 
intimal fibrotic and atheromatous islands are evident. (Elastica Van 
Gieson’s stain; x16 before 25% reduction.) 


branches and because better control of the completeness 
of the endarterectomy is achieved under direct vision. 
Histological specimens of the removed core are shown in 
Figures 2 to 4. 


Postoperative Treatment and Control 


Anticoagulation with heparin hydrochloride was started 
six hours postoperatively and continued until dicouma- 
rine, generally given after the second postoperative day, 
was fully effective. In addition, aspirin (500 mg/day) was 
administered intravenously for 2 days. In the long term, 
patients were kept on dicoumarine for six months, com- 
bined with a low dose of aspirin (100 mg/day), which was 
subsequently continued. 

Levels of creatine kinase (CK) and its myocardial- 
specific isoenzyme CK-MB were measured and the com- 
plete electrocardiogram was recorded six hours after the 
operation, as well as on the first, second, and fifth 
postoperative day. After discharge from the hospital, 
patients underwent a check-up at regular intervals. A 





Fig 3. Magnification of an atheromatous plaque from Figure 2 con- 
taining cholesterol crystals. (Elastica Van Gieson's stain; x250 before 
35% reduction.) 
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Fig 4. Greater magnification of the cholesterol plaque in Figure 3. To 
the left of the plaque there is an inflammatory response to the throm- 
bus with beginning organization. (Elastica Van Gieson’s stain; x400 
before 35% reduction.) 


series of 59 nonselected patients underwent recatheteriza- 
tion study between 2 weeks and 4 years (average, 18 + 13 
months) after the operation. In these patients, preopera- 
tive and postoperative left ventricular angiograms were 
scored according to the criteria shown in Table 2. Nonob- 
structed patency of vein grafts was considered a prereq- 
uisite for evaluating the corresponding myocardial area. 


Statistics 


Continuous variables are presented as the mean + 1 
standard deviation (SD) from the mean. Proportion and 
percentage differences were tested against the null hy- 
pothesis by means of the Pearson y test. Continuous 
variable differences among different groups and within 
the single groups were tested against the null hypothesis 
by means of the unpaired and paired Student's t test, 
respectively. 


Results 


There were 15 early deaths, resulting in a hospital mor- 
tality of 2.3%. Eight patients died because of documented 
myocardial infarction and 6 because of primary myocar- 
dial failure. One patient died from multiorgan failure after 
iatrogenic injury of the liver. Independent risk factors 
influencing mortality were multiple-vessel endarterec- 
tomy and impaired left ventricular function (Table 3). 
Hospital morbidity included severe arrhythmia (sinoatrial 


Table 2. Scoring System 








Left 
Ventricle Coronary 
Score Wall Vessels 
1 Normal Normal 
2 Hypokinetic Stenotic 
3 Akinetic Occluded 
4 Dyskinetic 
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Table 3. Risk Factors for Hospital Mortality 














Factor No. % p Value 
Artery >0,05 
LAD 5 3.0 
Cx 2 2.7 
RCA 12 2.7 
Number of vessels <0.01 
One vessel 11 2.0 
Two vessels 4 7.8 
LVEDP <0.001 
=20 mm Hg 10 1.9 
>20 mm Hg 5 4.5 
Cx = circumflex coronary artery; LAD = left anterior descending 
coronary artery; LVEDP = left ventricular end-diastolic pressure; 


RCA = right coronary artery. 


and atrioventricular block, multifocal premature beats, 
and ventricular flutter and fibrillation) in 156 patients 
(25%), low cardiac output in 35 patients (5.6%), and 
clinically evident but nonfatal myocardial infarction in 12 
patients (2%). 

As shown in Table 4, peak CK levels averaged 336 U 
(range, 33 to 2,214 U). The peak of the CK-MB isoenzyme 
ranged from 2 to 300 U (mean, 30 U). Although the 
average ratio between CK-MB and CK was 0.08 and, 
therefore, below the critical value of 0.1, it exceeded this 
limit in 48% of the patients, indicating a higher incidence 
of perioperative myocardial damage than was clinically 
evident. 

Perioperative or early postoperative low cardiac output 
had to be treated with the intraaortic balloon pump in 57 
patients (8.9%). The mortality in this subgroup was 19.2% 
(11 patients), which was significantly higher (p < 0.00001) 
than in the remaining 578 patients, in whom four deaths 
accounted for a mortality of 0.7%. 

Follow-up study of the first consecutive 132 survivors 
averaged 16 + 9.7 months (range, 4 to 68 months), adding 
up to a total of 177 patient-years. When last subjected to a 
check-up, 59 (46%) were in functional class I or I, 67 
(52%) were in class IH, and 3 (2%) were in class IV 
compared with 11%, 86%, and 3%, respectively, before 
operation. Even though 54% of the patients are still in 
functional class I and IV, the improvement for the whole 
group is highly significant (Table 5). 

Of the 59 patients who were reinvestigated angiograph- 


Table 4. Creatine Kinase and CK-MB Isoenzyme Pathway 








n Mean Value Range 
CK (IU/L) 175 336 + 219 33-2,214 
CK-MB (IU/L) 138 30 + 22 2-300 
CK-MB/CK 138° 0.08 + 0.04 0.01-0.20 





è The ratio of MB isoenzyme to creatine kinase was >0.10 in 48% of 
patients studied. 


CK = creatine kinase; 


CK-MB = myocardial-specific isoenzyme of 
creatine kinase. 
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Table 5. Results of Follow-up Study of 132 Survivors of 
Endarterectomy 





Preoperative 
Survivors Postoperative 
Followed (Survivors 
All Patients Up Followed Up) 
NYHA No. %o No. % No. % 
LU 63 10 14 11 59 46 
i 546 86 111 86 67 52 
IV 26 4 4 3 3 2 
Total 635 129 129%” 





ap < 0.0001 versus all patients preoperatively; ° p < 0.0001 versus 


preoperative class cf survivors followed up. 
NYHA = New York Heart Association. 


ically, 20 had endarterectomy of the LAD or a dominant 
diagonal branch, or both, whereas the remaining 39 had 
endarterectomy of the right coronary or circumflex artery, 
or both. The classification of these two groups assumes 
that the anterior wall and apex were perfused through the 
LAD and a diagonal branch, and the posterolateral wall 
through the right coronary and circumflex artery 
branches. 

Preoperative and postoperative left ventricular wall 
motion scores and left ventricular end-diastolic pressure 
values are shown in Table 6. The average local wall 
motion score changed by 0.05, 0.31, and —0.06 for the 
anterior wall, the apex, and the posterior wall, respec- 
tively (Table 6). Before operation, the anterior wall 
showed significantly better contractility than the posterior 
‘wall (p = 0.015). After operation, contractility of the 
anterior wall and the apex deteriorated, whereas posterior 
wall motion improved slightly. Specifically, 13 myocardial 
areas (16.5%) showed an improvement after endarterec- 
tomy, 14 (17.7%) were worse, and 52 (65.8%) were un- 
changed. However, none of these changes was signifi- 
cant. 

In preoperatively normal-contracting areas, a deteriora- 
tion was observed in 24%. In originally hypokinetic or 
akinetic areas, local wall motion improved in 35.3% and 


Table 6. Modifications of Heart Wall Contractility and Left 
Ventricular End-Diastolic Pressure After Coronary 
Endarterectomy 





Average 
Change p Value 


Variable n Preoperative? Postoperative? 





Awe 20 1.20 + 0.41 1.25 + 0.44 0.05 0.60 
Ap? 20 1.62 + 0.87 1.93 + 1.07 0.31 0.15 
PW? 39 1.71 + 0.83 1.65 + 0.75 —0.06 0.65 
LVEDP 53 14.21 + 6.34 12.92 + 5,15 —1.29 0.15 








3 Data are reported as mean + standard deviation; © Measured on a 


scale of 1 through 4; see Table 2. 


AW = anterior wall; LVEDP = left ventricular end- 
PW = posterior wall. 


Ap = apex; 
diastolic pressure (mm Hg); 
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Fig 5. Modifications of myocardial contractility after coronary artery 
endarterectomy with respect to the preoperative myocardial state. Pre- 
operative contractile state of myocardium is reported on the ordinate. 
Postoperative modifications of myocardial contractility are illustrated 
in bars (solid = improved; hatched = worsened; open = unmodi- 
fied). Proportions are based on the number of examined myocardial 
areas after endarterectomy of the corresponding coronary arteries. 


45.5%, respectively (Fig 5). A detailed analysis of regional 
wall motion changes is given in Figure 6. Compared with 
the preoperative values, left ventricular end-diastolic 
pressure did nat change significantly (Table 6). 

In regard to early (12 hours) postoperative enzyme 
levels, the CK-MB/CK ratio was greater than 0.10 in 20 
(45%) of 44 patients with unmodified or worsened local 
wall motion, but only in 4 (36%) of 11 with improved 
contractility (p > 0.05). 

At angiographic control study after a mean follow-up 
period of 18 + 13 months (range, 0.5 to 48 months), 45% 
of all endarterectomized coronary arteries were patent. 
The patency rate for vessels of the left coronary system 
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Fig 6. Modifications of regional myocardial contractility after coro- 
nary artery endarterectomy with respect to the preoperative myocardial 
state. The regional contractile state of myocardium before operation is 
reported on the ordinate. The postoperative modifications of myocar- 
dial contractility are illustrated in bars (solid = improved; hatched 
= worsened; open = unmodified). Proportions are based on the num- 
ber of examined myocardial areas after endarterectomy of the corre- 
sponding coronary arteries. (AP = anteroposterior; AW = anterior 
wall; HYPOKIN = hypokinetic; PW = posterior wall.) 
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Table 7. Patency Rates of Grafted Vessels" 


With Endarterectomy Without Endarterctomy 


Artery No. % No. % p Value 
LAD 4/18 22.2 28/33 84.9 <0.001 
DG 1⁄3 33.3 11/17 64.7 >0.05 
Cx 2/3 66.7 29/42 69.0 >0.05 
RCA 20/36 55.6 8/11 72.7 >0.05 


Total 27/60 45.0 76/103 73.8 <0.001 


a Mean follow-up time = 18 + 13 months. 


DG = diagonal branch; LAD = 
RCA = right coronary artery. 


Cx = circumflex coronary artery; 
left anterior descending coronary artery; 


was 29.2% compared with 55.6% for the right coronary 
artery system (p < 0.05). Without thromboendarterec- 
tomy, the patency rate was 73.9% for the left coronary 
system and 72.7% for the right coronary artery system. 
The most significant difference was found for the LAD, in 
which the patency rate after endarterectomy was only 
22.2%, compared with 84.9% when no endarterectomy 
was performed (p < 0.001) (Table 7). Altogether a signif- 
icantly lower patency rate was observed for endarterecto- 
mized vessels (45%) than for grafted coronary arteries 
without endarterectomy (73.8%) (Table 7). The vessel 
score was improved only for the left circumflex and right 
coronary arteries (p < 0.05) (Table 8). 

Clinically, 53 endarterectomized and angiographically 
controlled patients have showed improvement since op- 
eration, 2 had no change, and 4 were worse than before 
the operation. However, 90% of the patients (Table 9) still 
had complaints independent of the patency state of the 
endarterectomized and grafted vessel (p > 0.05). In the 
subset of patients with endarterectomy of an anterior wall 
vessel, dyspnea was present in 92% of patients with an 
occluded vessel compared with 50% of patients with a 
patent vessel (p < 0.01). 


Comment 


Coronary endarterectomy has been controversial since it 
was first applied by Bailey and colleagues [1] in 1957. 
Because of the fear of side branch obstruction by the 


. Table 8. Modifications of Coronary Artery State After 


Endarterectomy 








Average 
Artery n Preoperative? Postoperative? Change p Value 





LAD? 20 2.25 + 0.44 2.17 + 0.85 —0.08 0.75 
DG 19 2.00 + 0.33 2.05 + 0.71 0.05 0.75 
Cx 39 2.04 + 0.57 1.47 + 0.67 —0.57 0.0091 
RCA? 39 2.40 + 0.61 1.76 + 0.77 —0.64 0.0001 





* Data are reported as mean + standard deviation; }? Scored from 1 


« through 3; see Table 2. 


Cx = circumflex branches; DG = diagonal branch; LAD = left 
anterior descending coronary artery; RCA = right coronary artery. 
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Table 9. Influence of Coronary Endarterectomy on Symptoms 





Patent Grafts Occluded Grafts 
Symptoms No. % No. % pValue 
Angina 22/29 75.9 28/31 90.3 >0.05 
Dyspnea 15/25 60.0 21/28 75.0 >0.05 
Angina and/or 25/28 89.0 31/32 97.0 >0.05 
dyspnea 


so-called snow-plug phenomenon [8] it had been aban- 
doned, but it was reintroduced shortly after introduction 
of coronary bypass grafting (when for a certain period gas 
endarterectomy had been propagated). The vast experi- 
ence with coronary artery bypass grafting and the grati- 
fying results led to the expansion of the indication for 
surgical therapy, including more and more patients with 
diffuse coronary disease [1-4, 7, 15]. Furthermore, as a 
result of advances in angioplasty techniques, patients 
who are referred to the surgeon commonly tend to have 
more extensive coronary heart disease. It is, therefore, not 
surprising that coronary endarterectomy should experi- 
ence a revival, not because the perplexities on its value 
have been dissipated, but because there is no alternative. 
In many patients, bypass grafting alone cannot achieve 
optimal reperfusion, and additional endarterectomy may 
be imperative. 

Initially, endarterectomy of the right coronary artery 
system was preferred because of its technical simplicity 
and the relatively low risk. Expansion to the left coronary 
artery system has been mainly propagated by Bernowitz 
and associates [10, 11] and adopted by others [7, 15-17}. 
Although endarterectomy of the left coronary artery and 
especially of the LAD was supposed to present a higher 
operative risk, this could not be confirmed by the present 
data, with mortality rates of 3% for the LAD, 2.7% for the 
circumflex artery, and 2.7% for the right coronary artery 
(Table 3). Multiple vessel endarterectomy and impaired 
left ventricular function, however, proved to be signifi- 
cant risk factors. This is in full accordance with recently 
published data by Brenowitz and associates [11], who 
reported a mortality rate of 4.8% for the isolated right 
coronary endarterectomy and 7.9% for the left coronary 
endarterectomy, but also a significant difference between 
patients with single-vessel and multiple-vessel endarter- 
ectomy. 

At late postoperative study, 46% of the patients in the 
present series were in New York Heart Association func- 
tional class I or I, and 90% noted an improvement after 
the operation. Symptoms, however, persisted proportion- 
ally to some extent in patients with either patent or 
occluded endarterectomized coronary arteries (Table 9). 
These results indicate a negative selection bias of patients 
in whom scar tissue, despite reperfusion, remains scar 
tissue, rather than of a lack of skill. Patency rates of 
endarterectomized vessels were significantly lower than 
those of nonendarterectomized vessels (45% versus 73%). 
The Milwaukee group [11] reported a patency rate of 
71.1% after endarterectomy. Whether these differences 
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Fig 7. Ventriculography of a patient who underwent endarterectomy and coronary artery bypass grafting of the left anterior descending coronary 
artery: (A) preoperative end-systolic phase; (B) preoperative end-diastolic phase; (C) postoperative end-systolic phase; (D) postoperative end-diastol- 
ic phase. Despite patency of the bypass graft and the left anterior descending coronary artery after endarterectomy, (C) reveals an appreciable dete- 
rioration of myocardial contractility with respect to the preoperative state shown in (A). 


are due to our preferred technique of anterograde and 
retrograde closed endarterectomy of the right coronary 
artery and the frequently performed semiclosed extrusion 
of the cylinder between two incisions on the LAD is 
difficult to determine. The fact is that an extensive open 
endarterectomy is a time-consuming procedure that 
sometimes results in a higher operative mortality rate. 

The hospital mortality rate in the present series of 
patients is significantly higher than that in another series 
of our patients in which no endarterectomy was done 
(2.3% versus 1.7%, 35 deaths in 1,965 patients; p < 0.001) 
(unpublished data), but compares favorably with that ina 
larger series of patients in which extensive endarterec- 
tomy was done on a routine basis [11]. 

More important than graft and vessel patency is re- 
gional wall motion within the perfusion area of an endar- 
terectomized coronary artery. A comparison of preopera- 
tive and late postoperative regional wall motion showed 
no change in two-thirds of the studied areas, whereas 
improvement and deterioration were equal. Parallel to the 
low patency rate of the grafts to an endarterectomized 
vessel was the amelioration of contractility within the 
pertinent myocardial area. In the present series, endarter- 


ectomy of the LAD had a lower rate of myocardial 
improvement than endarterectomy of the right coronary 
artery (Fig 6). In addition, the risk of deterioration is even 
higher in patients with preoperatively well-contracting 
myocardium (Fig 7) than in patients with already im- 
paired ventricular function. This latter observation reflects 
the high rate of perioperative subclinical myocardial in- 
farction noted in the present series (Table 4). Deteriora- 
tion of left ventricular function after endarterectomy of 
coronary arteries has also been observed by other inves- 
tigators [16], who noted an average change in global 
ejection fraction from 55.2% + 10.7% preoperatively to 
48% + 15% postoperatively. 

The fact that in formerly normally contracting myocar- 
dial areas further improvement cannot be expected and 
that in formerly hypokinetic or akinetic areas higher rates 
of improvement rather than deterioration in wall motion 
can be obtained postoperatively indicates the benefit of 
endarterectomy primarily in the latter category of pa- 
tients. In vessels perfusing normally contracting areas, 
endarterectomy should be performed cautiously. Even in 
the event of the relevant vessel’s being completely de- 
stroyed even though the myocardium is still functioning 


ge 


e. 
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well, it might be better to improve only the collateral flow 
rather than to force anterograde perfusion. These rules 
are even more important if global left ventricular function 
is poor. In such cases, the operative risk is high [11] and 
those myocardial areas that still function well should, 
whenever possible, be protected from additional damage. 
In the present series, the risk of the operation was 
increased even more by the practice of multiple endarter- 
ectomy. The higher frequency of subclinical myocardial 
infarction after endarterectomy explains why the opera- 
tive risk increases significantly with the number of vessels 
that are endarterectomized. 

In conclusion, endarterectomy of coronary vessels 
should be considered as an adjunctive procedure to cor- 
onary artery bypass graft grafting when the patients 
condition is extremely critical. It should be applied pref- 
erentially to the posterior wall with impaired myocardial 
contractility. Coronary endarterectomy should never be 
considered as a convenient alternative to making more 
anastomoses to distal disease-free branches. In the case of 
walls that contract well, even in the presence of ob- 
structed vessels, endarterectomy should be, whenever 
possible, avoided. Collateral perfusion should be en- 
hanced through simple bypass grafts to vessels supplying 
adjacent myocardial areas. The only exception to these 
tules exists in cases of unsuspected ulceration, thrombo- 
sis, or severe calcification of an artery that has been 
opened to perform an anastomosis. In such cases, if a 
more distal anastomosis to a disease-free section of the 
artery is not possible, a limited local endarterectomy 
should be attempted instead. 

We are aware that in the event of severe diffuse periph- 
eral occlusion of the coronary arteries, if a surgical ap- 
proach is chosen, there is no other alternative than 
endarterectomy. However, considering the operative risk 
and the limited long-term benefit in terms of myocardial 
contractility and survival even in larger series of patients 
[11], it would perhaps be more reasonable to continue to 
treat these critically ill patients conservatively. For select 
patients, among those who are not responsive to medical 
treatment, heart transplantation may be an acceptable 
option. 
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Evaluation of Prostacyclin Analogue OP-41483 as an 
Adjunct to Crystalloid Cardioplegia in Infants 


and Children 
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A chemically stable prostacyclin analogue (PGI,-A, car- 
bacyclin, OP-41483) was evaluated as an adjunct to po- 
tassium cardioplegia in infants (n = 13) and children (n 
= 32), in whom the current potassium cardioplegia may 
be limited in its effects. PGI,-A was added in a dose of 
300 pg/L to the potassium cardioplegic solution. Postop- 
eratively, peak levels of the myocardial-specific isoen- 
zyme of creatine kinase (MB-CK) were compared for the 
PGI, group and a control group (n = 65). In patients 1 
year of age or older (n = 32 and 49 for the PGI, and 
control groups, respectively), the MB-CK level was sig- 
nificantly lower in the PGI, group only when compared 
between the subgroups with an aortic cross-clamp time 
of 120 minutes or more (n = 9 and 10; MB-CK level, 35.2 


Pe (PGL) is a prostanoid produced by the 
L endothelial cells of the blood vessels [1] and has been 
known to have beneficial effects in attenuating myocardial 
injuries caused by ischemic insult {2-6]. As the mecha- 
nism involved, a cytoprotective effect and antiplatelet and 
vasodilating actions have been postulated. In extracorpo- 
real circulation, PGI, has been used to modulate platelet 
activation, which may compromise postoperative hemo- 
stasis [7, 8]. However, PGI, is highly unstable and also 
has a strong vasodilating action, precluding use in pa- 
tients. Recently, chemically stable analogues have become 
available and have been investigated in experimental 
myocardial ischemia and heart preservation [6, 9-11]. Our 
previous experimental study with a PGI, analogue has 
shown its myocardial protective effect when used as an 
adjunct to potassium cardioplegia crystalloid [12]. Aherne 
and associates [13] have also studied PGI, in an experi- 
mental setting. However, no attempts have been reported 
in patients. We selected infants and children, in whom 
the current methcd seems limited in its effects (14, 15], for 
the evaluation of PGI, analogue. 
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+ 15. 6 vs 68.3 + 32.4 IU/L; p. < 0.05). In jaiak less than 
1 year of age, in whom aortic cross-clamp times were 
generally less than 120 minutes, the MB-CK level was 
also lower in the PGI,-A group than in the control group 
(n = 13 and 16; MB-CK level, 33.6 + 14.3 vs 61.6 + 36.3 
IU/L; p <0.05). Infants less than 6 months of age (h = 18) 
underwent ultrastructural assessment of left ventricular 
myocardial biopsy specimens, and the PGI,-A group 
showed better results in mitochondrial and intracellular 
edema scores. This clinical trial showed beneficial effects 
of PGL,-A used with crystalloid potassium cardioplegia 
in infants and children. 


(Ann Thorac Surg 1989;48:242-6) 


Material and Methods 


Of 110 infants and children less than 13 years of age who 
underwent open heart operation at Osaka University 
Hospital during 1985 to 1987, 45 patients were assigned in 
a random fashion to receive the PGI, analogue OP-41483 
(PGI,-A) as an adjunct to potassium cardioplegia. The 
PGI, group consisted of 13 infants less than 1 year of age 
(including 2 neonates) and 32 children aged 1 to 13 years. 
The control group consisted of 16 infants (including: 3 
neonates) and 49 children. The patients had various 
cardiac anomalies, which are shown by group in Table 1. 
Patients who died within 24 hours after operation during 
the same time period were excluded from the study (n = 
5, all with PGI). 


Method of Myocardial Protection 


CARDIOPLEGIC SOLUTION. ‘The basic cardioplegic solution 
used in all patients was high-potassium cardioplegic so- 
lution with insulin and glucose. The composition of the 
solution is shown in Table 2. The original solution of high 
osmolarity (solution 1) was used in the first 87 patients, 
and the remaining 23 patients received a lower osmolarity 
solution with added calcium (solution 2). No significant 
difference was found in the distribution of these two types 
of cardioplegic solutions used in the groups with or 
without PGI,-A, either in the whole group or in sub- 
groups separated by age and aortic cross-clamp time. The 
percentage of patients who received solution 2 in each 
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Table 1. Cardiac Lesions in Patients Studied 


Cardiac Lesions PGL* Control? 
Ventricular septal defect 8 (2) 22 (10) 
Atrial septal defect 3 (1) 4 (0) 
Pulmonary stenosis 1(1) 4 (1) 
Tetralogy of Fallot 9 (0) 10 (0) 
Pseudotruncus arteriosus 3 (J) 7 (1) 
Endocardial cushion defect 3 (2) 3(1) 
Transposition of the great 3 (2) 2 (1) 
arteries 
Truncus arteriosus 3 (3) 1 (1) 
Double-outlet right ventricle 2 (D) 2 (0) 
Single ventricle 8 (0) 5 (0) 
Miscellaneous 10) 50) 
Total 45 (13) 65 (16) 





a Numbers in parentheses indicate number of patients aged less than 1 
year. í 


group ranged from 21.6% to 30.0%. The initial dose of 
cardioplegic solution was 10 mL/kg body weight, followed 
by a half dose every 30 minutes. In infants and neonates, 
a single-dose method with the same initial dose was used. 

Topical cooling with iced slush was used, and myocardial 
temperature was maintained at less than 15°C. 


PROSTACYCLIN ANALOGUE. OP-41483 is a chemically stable 
derivative of carbacyclin (15-cyclopentanyl-w-pentanor- 
5(e)-carbacyclin; Ono Pharmaceutical Company, Osaka, 
Japan). This analogue was delivered in the form of a dry 
powder in an ampule; it was dissolved in distilled water 
before use. In a rat heart perfusion model (n = 3), 
coronary flow after cardioplegic arrest was measured to 
obtain a dose-response curve for PGI,-A added to car- 
dioplegia solution 2. The percent recovery of coronary 
flow at 60 minutes of reperfusion after 20 minutes of 
global warm ischemia with the use of potassium car- 
dioplegia containing different doses of OP-41483 was 
examined. The doses used were 150, 300, 450, and 600 

ug/L. The recovery curve of coronary flow was almost flat 
above 300 ug/L (Fig 1), and this dose was used for the 
following study. 


Table 2. Composition of Cardioplegic Solutions 


Solution . , 1 2 
Glucose (g/L) i 60 55 
Insulin (U/L) 12 11 
Potassium (mEq/L) 18 18 
Calcium (mMI/L) Ta 2 
Magnesium (mM’L) eats 16 
pH 7.8 7.8 
Osmolarity (mosnvL) 380 375 


PGI (ug/L) (300) (300) 
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Fig 1. Dose-response relationship of PGI, analogue OP-41483 to the 
myocardial blood flow recovery after cardioplegic arrest using isolated 
rat heart perfusion model (n = 3). (CP = potassium cardioplegia.) 


MYOCARDIAL PROTECTIVE EFFECT. The myocardial protec- 
tive effect was assessed by peak serum creatine kinase 
isoenzyme (MB-CK) release during the first 24 postoper- 
ative hours in the following two groups: children over 1 
year of age, and infants less than 1 year of age. In 
addition, the children’s group was divided into two 
subgroups according to the aortic cross-clamp time di- 
vided by 120 minutes. 

For those patients less than 6 months of age, myocardial 
biopsy findings were compared. The average age was 1.7 
+ 1.9 months in the PGI,A group (n = 9) and 2.6 + 2.4 
months in the control group (not significant [NS]). The 
average aortic cross-clamp time was 77 + 21 minutes in 
the PGI, group and 75 + 26 minutes in the control group 
(NS). Myocardial biopsy specimens were taken from the 
left ventricular apex just before aortic cross-clamping and 
about 15 minutes after removal of the cross-clamp. Ultra- 
structural assessment was made in terms of mitochondrial 
change and intracellular edema. The mitochondrial dam- 
age was assessed by scoring from grade 0 (no damage) to 
grade 4 (severe irreversible damage) in 300 mitochondria, 
and the average score was obtained in each patient [15]. 
The intracellular edema was also assessed by a similar 
scoring method. 

Statistical analysis was made using the two-tailed Stu- 
dent's f test for unpaired samples, and paired t test for 
paired samples. Before Student's ¢ test, the F distribution 
was analyzed for each of the compared samples, and the 
Welch t test was used when the variance was different. 
Statistical significance was indicated when the p value was 
less than 0.05. Data are shown as mean + the staridard 
deviation of the mean. 


Results 


There were no significant differences in age and aortic 
cross-clamp time between the two groups as a whole or 
between the subgroups separated by age (1 year) and 
aortic cross-clamp time (120 minutes) (Tables 3-5). 
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Table 3. Comparison Between PGI, and Control Groups for 
Overall Groups and Subgroups Divided by Aortic Cross-clamp 
Time 


Variable PGI, Group Control Group 
Overall Group 
n 45 65 
Age (yr) 3.5 + 3.8 3.9 + 3.9 
AXC (min) 95.2 + 45.0 84.8 + 51.8 
MB-CK (U/L) 33.5 + 15.0 35.3 + 28.9 
AXC < 120 min f 
n 35 53 
Age (yr) 3.1 + 3.6 2.8 + 3.0 
AXC (min) 77.4 + 2.78 65.3 + 28.9 
MB-CK (U/L) 33.1 + 15.3 38.2 + 31.4 
AXC > 120 min 
n 10 12 
Age (yr) 5.9 + 4.4 6.4 + 4.7 
AXC (min) 157.6 + 37.7 165.8 + 51.3 
MB-CK (U/L) 34.9 + 14.8? 60.9 + 31.4 


è Where applicable, data are given as mean + standard deviation. ? 


< 0.05 for PGI group versus control group. 


P 


AXC = aortic cross-clamp; MB-CK = myocardial-specific isoenzyme of 


creatine kinase. 


Peak MB-CK value 


There was no significant difference in peak MB-CK level 
between the overall groups with and without PGL (Table 
3). In the subgroups with an aortic cross-clamp time less 
than 120 minutes (n = 88), there was also no significant 


Table 4. Comparison Between PGI, and Control Groups for a 
Subgroup of Patients Aged More Than 1 Year" 


Variable PGI, Group Control Group 
Overall 
n 32 49 
Age (yr) 4.8 + 3.8 5.0 + 3.8 
AXC (min) 101.3 + 48.2 88.3 + 53.5 
MB-CK (U/L) 33.4 + 15.7 36.1 + 28.7 
AXC < 120 min 
n 23 39 
Age (yr) 4.1+3.5 4.4 + 3.4 
AXC (min) 78.5 + 27.8 68.5 + 30.3 
MB-CK (U/L) 32.7 + 15.8 28.4 + 22.3 
AXC > 120 min 
n 9 10 
Age (yr) 6.6 + 4.1 6.7 + 4.2 
AXC (min) 159.8 + 39.3 165.3 + 55.6 
MB-CK (U/L) 35.2 + 15.6" 68.3 + 32.4? 


a Where applicable data are given as mean + standard deviation. p 


< 0.05 for PGI, group versus control group. 


P 


AXC = aortic cross-clamp; MB-CK = myocardial-specific isoenzyme of 


creatine kinase. 
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Table 5. Comparison Between PGI, Group and Control 
Group for a Subgroup of Patients Aged Less Than 1 Year’ 


Variable PGI, Group Control Group 
n 13 16 

Age (mo) 4.9 + 3.1 49+38 
AXC (min) 80.1 + 32.7 74.4 + 46.0 
MB-CK (U/L) 36.6 + 14.3? 61.6 + 36.3} 


2 Where applicable, data are given as mean + standard deviation. > 


< 0.05 for PGI, group versus control group. 


P 


AXC = aortic cross-clamp; 
creatine kinase. 


MB-CK = myocardial-specific isoenzyme of 


difference in peak MB-CK level between the two groups. 
In those with an aortic cross-clamp time greater than 120 
minutes, however, the PGI, group had significantly lower 
values compared with the control group. 

In patients over 1 year of age, there was no significant 
difference in peak MB-CK value between the two groups 
(Table 4). In the subgroup of those with an aortic cross- 
clamp time less than 120 minutes, there was also no 
significant difference between the PGI, group and the 
control group, but for those with an aortic cross-clamp 
time of more than 120 minutes, peak MB-CK level was 
significantly lower in the PGI, group compared with the 
control group. 

In patients less than 1 year of age, there was a signifi- 
cantly lower peak MB-CK value in the PGI, group com- 
pared with the control group (Table 5). No separate 
comparison was made by aortic cross-clamp time because 
of the limiting number of patients. 


Ultrastructural Assessments 


Ultrastructural assessments were performed on patients 
aged less than 6 months. 


MITOCHONDRIAL SCORE. The average mitochondrial score 
before aortic cross-clamping was 0.3 + 0.2 in the control 
group and 0.4 + 0.4 in the PGI, group; there was no 


P<0.01 


P<0.05 
f | 


pP<9.05 4 


Mitochondria Score 





Intracellular Edema Score 


POI (+) 


PGI,(-) 


PGI, (+) PGI,¢(-) 


A B 
O Pre-axc W Post-AXc 


Fig 2. Comparisons of the mitochondrial score (A) and intracellular 
edema score (B) for the left ventricular myocardial biopsy specimens of 
patients less than 6 months of age who received cardioplegia with and 
without PGI,-A. (AXC = aortic cross-clamping.) 
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significant difference (Fig 2A). The control group showed 
a significant increase to 0.7 + 0.5 after aortic cross- 
clamping (p < 0.05), whereas the PGI, group showed no 
significant increase (0.7 + 0.4). There was no significant 
difference between the two groups in the values after 
cross-clamping. 


INTRACELLULAR EDEMA SCORE. The average edema score 
before aortic cross-clamping was 0.2 + 0.1 in the PGI, 
group and 0.3 + 0.3 in the control group (NS) (Fig 2B). 
Both groups showed significant score increases after 
cross-clamping, to 0.5 + 0.3 for the PGL group and 0.9 + 
0.3 for the control group (p < 0.05). The score after 
cross-clamping was significantly lower in the PGI, group 
(p < 0.05). 


Comment 


Previous experimental studies including our own have 
shown the beneficial effects of PGI, or its analogue on the 
preservation of ischemic myocardium [2—4, 9-13]. Its 
cytoprotective effect against ischemia has been postulated 
as resulting from its stabilizing effect on lysosomal mem- 
branes in addition to its antiplatelet and vasodilating 
effects [11]. Protection of the myocardial sympathetic 
nerve along with the preservation of myocardial catechol- 
amine levels have also been described for PGI, [16]. From 
this background, the myocardial protective effect of PGI, 
has been studied in experimental myocardial infarction 
and heart preservation. However, the assessment in car- 
dioplegic solution has not been attempted except in ex- 
perimental studies, including our own previous reports 
[12-14]. A clinical application has been described by 
Mueller and associates [17] in patients with acute myocar- 
dial infarction. 

Regarding the mechanisms of this analogue in myocar- 
dial protection, its protective effects on myocardial cells 
and vasculature during ischemia may be direct actions of 
PGI,-A. Although we have not measured the blood level 
of PGL-A in the perfusate of the cardiopulmonary circuit 
during reperfusion, a part of the given analogue might be 
returned to the cardiopulmonary bypass perfusate and 
have a chance to work during reperfusion by possible 
vasodilating and antiplatelet actions. Our experimental 
study showed beneficial effects of this analogue when 
used during reperfusion alone. These effects were com- 
parable with those obtained with its use as an adjunct to 
potassium cardioplegia. These were also associated with 
the finding that PGI,-A cardioplegia enhanced the endog- 
enous PGI, production during reperfusion [12]. Consid- 
ering that there may be associated platelet deposition to 
the myocardial vasculature [18], and also thromboxane 
production during reperfusion after global ischemia even 
with use of potassium cardioplegia [19], reperfusion with 
an increased level of endogenous PGI, or the presence of 
exogenous PGI, may attenuate the adverse effects related 
to platelet activation and vasoconstriction. As the other 
mechanism of myocardial protection provided by PGL, 
the vasodilating effect may also be involved in this situa- 
tion by improving myocardial oxygen consumption [13]. 

This clinical study confirmed the beneficial effect of 
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OP-41483 as an adjunct to potassium cardioplegia in 
infants and children in terms of postoperative MB-CK 
release and ultrastructural assessment of myocardial bi- 
opsy specimens. The methods used in this study for the 
assessment of the myocardial protective effect, particu- 
larly MB-CK release, may not be perfect; however, the 
results obtained may be enough data to evaluate the 
efficacy in this clinical study with various types of opera- 
tion in a group of patients with congenital heart disease. 
The beneficial effects were obtained in patients under 1 
year of age, regardless of the aortic cross-clamp time, and 
also in children when cross-clamp time exceeded 120 
minutes. Therefore, as previously shown in our ultra- 
structural assessments of intraoperative myocardial bi- 
opsy specimens [15], these subgroups of infants and 
children are likely to sustain myocardial injuries during 
cardioplegia, and appear to benefit from PGI, cardiople- 
gia. 

This clinical trial of PGI, analogue indicated its benefi- 
cial effect as an adjunct to potassium cardioplegia in 
infants and children. The mechanism of its myocardial 
protection may relate to its cytoprotective as well as 
antiplatelet effects, but was not elucidated in this study. 
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Mediastinal Lymph Node Necrosis: A Newly 
Recognized Complication of Mediastinoscopy 
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Eight cases of partial mediastinal lymph node necrosis 
identified at thoracotomy two to 17 days after cervical 
mediastinoscopy are described. In 6 cases, the involved 
nodes were grossly abnormal at operation, requiring 
frozen section interpretation. In the first 2 patients, the 
areas of nodal infarction were misinterpreted as necrotic 
tumor. Permanent sections from all 8 patients showed no 
evidence of tumor in the infarcted nodes. Factors predis- 
posing to nodal infarction included right-sided tumor, 
central tumor, and large mediastinoscopic biopsy speci- 
mens. In all instances, the infarcted nodes were subcar- 


| Beas node necrosis may occur during the course of 
various infections; as a component of hyperplasia; as 
a result of vascular compromise from vasculitis, occlusion, 
or trauma; as a benign idiopathic phenomenon; or as a 
reflection of malignancy [1, 2]. In cases in which some 
other cause is not clinically or pathologically obvious, and 
particularly in cases of partial nodal necrosis, malignancy 
is the major diagnostic consideration [2]. Malignant neo- 
plasms associated with nodal necrosis include both lym- 
phomas and metastatic carcinomas [1, 2]. 

Mediastinoscopy is a minor surgical procedure in which 
mediastinal lymph nodes are biopsied to assess whether 
or not a patient with lung cancer is a candidate for 
resection and possible cure [3, 4]. Patients whose nodes 
are found to be tumor-free, whose metastatic survey is 
negative for malignancy, and who are otherwise medi- 
cally fit then undergo thoracotomy. 

This report describes 8 patients in whom partial medi- 
astinal lymph node necrosis occurred as a result of medi- 
astinoscopic biopsy, causing difficulty in surgical and 
frozen section interpretation of the nodes at subsequent 
thoracotomy. 


Patients and Methods 


During the calendar years of 1986 and 1987, 141 patients 
underwent cervical mediastinoscopy followed by thora- 
cotomy for lung carcinoma at the Vancouver General 
Hospital. Eight patients were found to have mediastinal 
lymph node necrosis at thoracotomy, and these 8 patients 
are described here. One of us (B.N.) was the surgeon for 
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inal and/or main bronchial. In 2 patients, left recurrent 
laryngeal nerve palsy occurred after mediastinoscopy. 
Necrosis in distal nodal areas should be recognized as a 
complication of thorough mediastinoscopic sampling, 
presumably due to interruption of arteries supplying 
these nodes. Awareness of this phenomenon by surgeons 
and pathologists may avert falsely positive gross or 
microscopic diagnoses of metastatic malignancy at thora- 
cotomy. 


(Ann Thorac Surg 1989;48:247-50) 


both procedures for all but 1 patient, and one of us 
(R.R.M.) examined all of the pathological specimens. 

Mediastinoscopic nodal biopsies were designated by 
site according to the guidelines of the American Thoracic 
Society [5]. Two patients had sampling from location 2, 7 
patients had bilateral sampling from location 4, 3 patients 
had bilateral sampling from location 10, 7 patients had 
sampling from ipsilateral location 10, and all patients had 
sampling from ipsilateral locations 4 and 7. The nodal 
samples were processed in the usual way for histological 
examination of hematoxylin and eosin-stained sections of 
paraffin-embedded tissue. 

Thoracotomy was undertaken only after permanent 
sections of mediastinal nodes had been found to be 
tumor-free. The interval between mediastinoscopy and 
thoracotomy was 2 to 17 days (Table 1). At the time of 
thoracotomy, a frozen section of nodal tissue was re- 
quested if the tissue was grossly abnormal. The tumors 
were classified as central if involvement of a lobar or 
segmental bronchus could be demonstrated. 

Histological grading of the characteristics of nodal ne- 
crosis was subjectively assessed on a scale of 0 through 4. 
Variables considered included the presence of minimally 
organized hemorrhage and fibrin, granulation tissue, vas- 
cular thrombi, and liquefactive versus coagulative necro- 
sis, as previously defined [2]. Briefly, liquefactive necrosis 
is characterized by polymorphonuclear leukocyte infil- 
trate, karyorrhectic debris, and architectural obliteration, 
whereas coagulative necrosis is characterized by eosino- 
philic cell ghosts, preservation of nodal reticulin, and 
granulation tissue at the edge of the necrosis in healing 
lesions. 


Results 


There was no evidence of nodal necrosis or metastatic 
tumor in nodal tissue obtained at mediastinoscopy in any 
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Table 1. Case Details 
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Patient No. 
Variable 1 2 3 4 5 6 7 8 
Med sample size (cm) 

Ipsilateral 10 ND 0.4 1.0 1.5 2.0 1.0 0.8 1.3 

Ipsilateral 7 0.9 1.7 0.3 2.0 1.5 0.7 0.8 1.4 
Resection 

Grossly abnormal Y Y N Y Y N Y Y 

lymph nodes? 

Lobes RPN RML, RLL RUL, RML LPN RML, RLL RML, RLL RPN RPN 
Central vs peripheral C C P Cc Cc Cc P C 
Node histology” 

Hemorrhage/fibrin 4 1 1 3 2 2 4 2 

Coagulative necrosis 1 2 2 3 2 1 0 1 

Liquefactive necrosis 1 0 0 0 1 3 2 3 

Granulation tissue 1 1 2 I 2 0 0 3 

Vascular thrombi Y Y Y N N N N N 
Med to resection delay 2 12 2 17 2 7 7 5 


(days) 





a Abnormal lymph nodes requiring intraoperative frozen section interpretation. 


C = central; 
lobectomy; 


LPN = left pneumonectomy; 
RML = right middle lobectomy; 


of the patients. However, in the 8 patients reported here, 
partial nodal necrosis was found at thoracotomy. In 3 
patients (patients 1 to 3) nodal necrosis was focal, involv- 
ing only a small part of nodal cortex. In the other 5 
patients, more than half of the node was necrotic, with 
sparing of variable relative amounts of cortex and me- 
dulla. In 3 patients, subcarinal nodes were involved, and 
in 1, ipsilateral main bronchial nodes were necrotic; in 4 
patients, both of these nodal locations were involved. The 
nodes of locations 2 and 4 were not sampled at thoracot- 
omy and, thus, necrosis in these sites could not be 
histologically assessed. 

Further details of the 8 cases are shown in Table 1. In 
each case, mediastinoscopic sampling from locations 7 
and 10 had been extensive. The submitted nodal biopsy 
specimens from one or both of these locations measured 1 
cm or more in 6 of 8 patients, the other 2 patients yielding 
0.8-cm and 0.9-cm lymph nodes. 

Patients 4 and 8 developed left recurrent laryngeal 
nerve injury after mediastinoscopy. In both patients, full 
functional recovery occurred within 6 months to 1 year 
after the procedure. 

At thoracotomy, 6 patients had grossly abnormal swol- 
len and friable nodes that required frozen section inter- 
pretation. In the initial 2 patients (patients 1 and 8), before 
the nature of the necrosis was clear, the frozen sections 
were erroneously interpreted as positive for necrotic ma- 
lignancy. In both patients, planned right middle and 
lower bilobectomy was extended to right pneumonec- 
tomy. 

An unusually high proportion of tumors (6 of 8 cases) 
were central lesions of lobar or segmental bronchi, and all 
6 had associated obstructive pneumonitis and reactive 
lymphadenopathy. 


Med = mediastinoscopy; 
RPN = right pneumonectomy; 





> Node histology was graded subjectively from 0 through 4. 


N=no; ND=notdone; P= peripheral; RLL = right lower 
RUL = right upper lobectomy; Y = yes. 


Histologically, all patients showed a mixed pattern of 
reaction (Table 1). All had partial nodal necrosis with a 
relatively sharp interface between necrotic and viable 
areas (Fig 1). Liquefactive necrosis with neutrophil reac- 
tion and karyorrhexis was seen in 5 patients. Coagulative 
necrosis with cell ghosts was seen in 7 patients. Granula- 
tion tissue that mimicked glandular structures was seen in 
6 patients. Vascular thrombi could be identified in only 3 
patients. Metastatic malignancy was not found in any of 
the nodal locations containing necrotic tissue. 

There was no correlation between histological details of 
the necrosis and time interval between mediastinoscopy 
and thoracotomy. Specifically, hemorrhage and fibrin 
with little organization did not correlate with a short 
interval, and well-developed granulation tissue was not 
necessarily indicative of a long interval. Coagulative ne- 
crosis was not restricted to patients with observable 
vascular thrombi. Coagulative and liquefactive necrosis 
coexisted in 4 patients. 


Comment 


The classification of lymph node necrosis is based on a 
combination of pattern of necrosis and, if known, cause 
[2]. Total nodal necrosis may be related to sepsis, malig- 
nancy [1, 2], trauma, or vascular obstruction. Some cases 
defy etiological explanation [6] yet follow a benign course. 
Partial nodal necrosis is usually due to malignancy, gran- 
ulomatous inflammation, or a florid hyperplastic reaction 
to various infections or idiopathic immune challenges. 
Metastatic carcinoma is a major differential diagnostic 
consideration in the absence of obvious reactive nodal 
morphology. A single case of partial axillary nodal infarc- 
tion after fine needle aspiration biopsy has been described 
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Fig 1. Partial nodal necrosis with sharp demarcation (arrows) be- 
tween necrotic (N) and viable areas (hematoxylin and eosin, 2.5). 


[7]. Lymph node infarction due to recent operation has 
been described [2], but is rarely recognized in practice. A 
partial explanation for this is that there are few instances 
when operative nodal biopsy precedes by several days 
resection of a primary tumor and examination of its 
regional nodes. The practice of mediastinoscopy followed 
by thoracotomy is a notable exception to this rule. 

The anatomy of the bronchial arteries supplying these 
nodes renders them vulnerable to injury at mediastinos- 
copy. The bronchial arteries usually arise from the aorta or 
from intercostal arteries and follow a variable course [8]. 
Most frequently, the left bronchial artery arises from the 
aorta and almost immediately branches into a vascular 
network to supply the left main bronchus, location 7 and 
10L nodal sites. It follows that injury to the left bronchial 
artery by cervical mediastinoscopy would be unlikely. The 
right bronchial artery usually arises from intercostal arter- 
ies [9]; it forms end arteries for the right hilar soft tissues 
and supplies most of the location 4R, 7R, and 10R and 
some of the location 4L and 10L mediastinal nodal tissue. 
The more tortuous course of the right bronchial artery 
may place it at higher risk for injury, as reflected by 
ischemia to the subcarinal and right hilar tissues. This was 
suggested in our series, in which 7 of the 8 cases involved 
right distal nodal stations. The absence of nodal tumor in 
permanent sections in any of these patients reinforces the 
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interpretation of surgical trauma rather than malignancy 
as the cause of the observed necrosis. 

Several factors were typically seen in cases in which 
nodal necrosis was identified. In all instances, extensive 
nodal biopsy samples of the main bronchial/subcarinal 
stations had been taken. Six of the eight resections con- 
tained central tumors with obstructive pneumonitis and 
reactive lymphoid hyperplasia. One could speculate that 
these two factors predisposed to arterial interruption and 
partial nodal necrosis, respectively. Four of the resections 
were bilobectomies and four were pneumonectomies. The 
hilar dissection required to do these procedures may have 
increased the likelihood of seeing the abnormal tissue at 
thoracotomy. Alternatively, the correlation between. ex- 
tended resection and identification of nodal infarction 
may be related to central tumor location. Overall, the 
incidence of identifying postmediastinoscopy nodal ne- 
crosis apparently depends on the size of mediastinal 
biopsy samples, the size of mediastinal nodes, the side 
and site of primary tumor, and perhaps additional factors. 

The overall complication rate of mediastinoscopy is 1% 
to 3%, the most common complications being hemor- 
rhage, pneumothorax, tracheal injury, wound infection, 
and vocal cord paralysis [4, 10]. Although left recurrent 
nerve palsy may theoretically occur as a consequence of 
direct injury, it is difficult to accept this explanation for the 
2 patients in this series who experienced this complica- 
tion. No nerve segments were seen in their biopsy spec- 
imens. Electrocautery was never used in the 4L position 
for hemostasis to avoid heat coagulation injury to the 
nerve. In both patients, spontaneous recovery of function 
occurred, implying that the course of the nerve trunk had 
not been interrupted. We speculate that bronchial artery 
injury may be the cause of localized ischemia to the 
recurrent laryngeal nerve as well as mediastinal lymph 
node necrosis. 

Lymph node necrosis has not been previously de- 
scribed as a complication of mediastinoscopy as far as we 
know. Awareness of the phenomenon of postmediasti- 
noscopy nodal necrosis may avert a false surgical impres- 
sion of the extent of disease and a false pathological 
impression of metastatic carcinoma. 





We acknowledge Dr Kenneth G. Evans, Thoracic Surgery, Van- 
couver General Hospital, who was the surgeon for patient 3, and 
Dr Nestor L. Muller, Department of Radiology, Vancouver Gen- 
eral Hospital, for helpful comments on the manuscript. 
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REVIEW OF RECENT BOOKS 


Decision Making in Surgery of the Chest 
Edited by Laurens R. Pickard 

Philadelphia: W.B. Saunders, 1988 

168 pages, illustrated. $75.00 


Reviewed by Richard M. Peters, MD 


This book is taking the original decision-making type of decision 
tree algorithm as developed by Dr Ben Eiseman and providing it 
for decision-making in cardiothoracic surgery. The authorship of 
this book is multiple. It represents some of the leaders in general 
thoracic and cardiac surgery. Dr Pickard has assembled the group 
of authors and has obviously done a very careful job in editing 
the decision algorithms; the result is a very useful and quite 
excellent text. Obviously in such a text one will get the strong 
opinion of individuals, but the text is organized so that the 
decision algorithms are diagrams on the right side of each page 
and on the left side are text explanations and, equally important, 
references backing up the decision trees. 


The diagrams provide a good review of the logic of decision- 
making in each of the areas. If the logic diagram is followed and 
the reader ħas any question about why the logic was chosen, he 
or she can refer to the text to get the reasoning behind the logic 
and also to refresh things that have been forgotten. The refer- 
ences then give the source for further review and updating. This 
type of presentation just waits to be put on a CD ROM or even a 
disk to be called up in computer systems for display and could be 
in part animated. 

The medical knowledge being developed in these logic dia- 
grams will, I.feel sure, be available on the wards for house staff 
and students in the future. This is a book that all thoracic 
surgeons would want to have in their office for updating, and 
certainly it would be excellent for general surgeons and car- 
diothoracic residents both for clinical care and for reviewing for 
examinations. Dr Pickard is to be congratulated on getting this 
group together and organizing this book so consistently. 
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To assess the impact of left ventricular septal myectomy 
(Morrow procedure) performed for obstructive hyper- 
trophic subaortic stenosis on co-existing mitral regurgi- 
tation, we examined the preoperative and postoperative 
left ventriculograms of 35 patients (13 of them women) 
who underwent left ventricular septal myectomy alone or 
with concomitant operation. The mean age was 45 + 3 
years (range, 19 to 74 years). Patients underwent left 
ventriculography at an average of 15 + 3 months postop- 
eratively (range, 1 to 78 months). Severity of mitral 
regurgitation was evaluated by two teams of reviewers. 
Mitral regurgitation due to catheter entrapment or to 
premature ventricular contraction or other arrhythmia 
was excluded. Overall, 51% of patients showed improve- 
ment in the severity of mitral regurgitation, and all those 


he mechanism of dynamic obstruction to left ventric- 

ular outflow in patients with idiopathic hypertrophic 
subaortic stenosis (IHSS) involves anterior displacement 
of the anterior and/or posterior leaflet of the mitral valve 
due to Venturi effects of high-velocity blood flow through 
a narrowed outflow tract. Because this results in distor- 
tion of normal mitral valve coaptation, and commonly 
results in mitral regurgitation of variable severity in pa- 
tients with obstruction, it is a reasonable assumption that 
operative relief of obstruction and systolic anterior motion 
of the valve leaflets would alleviate or abolish mitral 
regurgitation. This study was undertaken to investigate 
the impact of left ventricular myotomy and myectomy 
(Morrow procedure, LVMM) on mitral regurgitation in 
our population of patients undergoing LYMM. _ 


Material and Methods 


Population 

A retrospective review of all patients undergoing LVMM 
as devised by Dr Andrew G. Morrow at the National 
Institutes of Health [1] was performed. Since August 
1958, 482 patients have undergone LVMM. Of this total, 
93 patients had left ventriculography both before and after 
operation. The preoperative and postoperative cineangio- 
grams in 49 patients (53%) studied since August 1971 
were available for review. Of these, the 35 patients (13 


Accepted for publication Feb 27, 1989. 


Address reprint requests to Dr Cooper, Cardiac and Thoracic Service, 
Department of Surgery, College of Physicians and Surgeons of Columbia 
University, 630 West 168th St, New York, NY 10032. 


© 1989 by The Society of Thoracic Surgeons 


with more severe mitral regurgitation (ie, 3+) demon- 
strated improvement. The population was subdivided 
for analysis into those with coronary artery disease 
requiring bypass grafting at the time of left ventricular 
septal myectomy (n = 7, 20%) and those without coro- 
nary artery bypass grafting. Among the 7 patients under- 
going bypass grafting, 71% demonstrated improvement 
in the degree of mitral regurgitation as compared with 
only 46% of those without bypass grafting (p < 0.005 by 
x? analysis). Significant reductions in peak gradients at 
rest and in response to provocation, and in New York 
Heart Association functional class, also occurred in both 
groups. 


(Ann Thorac Surg 1989;48:251-6) 


women) whose preoperative and postoperative left ven- 
triculograms were of adequate quality (ie, free of atrial or 
ventricular arrhythmia or catheter interference with mitral 
valve closure) to comment on the degree of mitral insuf- 
ficiency present, if any, are the basis of this report. The 
mean age was 45 + 3 years (range, 19 to 74 years) at the 
time of operation. 

Patients had a left heart catheterization and left ventric- 
ulography at an average of 15 + 3 months postoperatively 
(range, 1 to 78 months). The degree of mitral regurgitation 
was evaluated in all cineangiograms independently by 
two teams of reviewers, one consisting of a cardiologist 
and cardiac surgical fellow, the second consisting of two 
cardiologists. Preoperative and postoperative films were 
scored according to the following scale [2]: 1+ (mild), 
regurgitation that essentially clears with each beat and 
never opacifies the entire left atrium; 2+ (moderate), 
regurgitation that does not clear with one beat and gen- 
erally opacifies the entire left atrium faintly after several 
beats, although the opacification of the left atrium does 
not equal that of the left ventricle; 3+ (moderately severe), 
regurgitation.completely opacifies the left atrium equal to 
that of the left ventricle; 4+ (severe), opacification of the 
entire left atrium occurs within one beat, the opacification 
becomes progressively more dense with each beat, and 
contrast medium can be seen refluxing into the pulmo- 
nary veins during left ventricular systole. The indepen- 
dent evaluations were in complete agreement in 47 of 70 
films (67%), differed by one grade in 22 (31%, 14 preoper- 
atively, 8 postoperatively), and differed by two grades in 
one postoperative film. After independent evaluation, a 
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Table 1. Operative Procedures 





LVMM l 25 
LVMM + pacemaker 2 
LVMM + CABG 7 
LVMM + aortic valvulotomy 1 


? One patient also underwent pacemaker implantation. 


CABG = coronary artery bypass grafting; LVMM = left ventricular 


myotomy and myectomy. 


consensus was reached with respect to the adequacy of a 
given film to allow determination of the presence of mitral 
regurgitation and, if present, the degree of regurgitation. 

Preoperative and postoperative left ventricular outflow 
gradients at rest and in response to provocation with the 
Valsalva maneuver, amyl nitrite, and isoproterenol, and 
New York Heart Association functional class, were alsa 
recorded and compared. 


Operations 


The indications for LVMM for all patients have been 
continued symptoms despite maximal medical therapy 
and resuscitation after sudden death. The objective of 
operative intervention is maximal relief. of resting and 
provokable left ventricular outflow tract gradients with 
minimal morbidity and low operative mortality. Since 
mid-1983 cold crystalloid cardioplegia has been used for 
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myocardial protection rather than a brief period of 30°C 
ischemic arrest followed by coronary artery perfusion. 
Intraoperative echocardiography to accurately determine 
septal thickness and morphology has also been used since 
1983. The operative procedures performed included 27 
isolated LVMMs, and LVMM with concomitant procedure 
other than pacemaker implantation in 8 patients (23%) 
(Table 1). Among the patients undergoing concomitant 
coronary artery bypass grafting (CABG), 4 mea ar 
saphenous vein grafts to the right coronary artery, 1 
received vein grafts to the left anterior descending and 
right coronary artery, and 2 received single obtuse mar- 
ginal vein grafts. 


Statistical Analysis 

Comparisons of mean values were carried out using 
Student's .paired ¢ test. Significance was considered to 
occur at the 0.05 level. One-way analysis of variance and 
correlation coefficients were calculated using standard 
computational formulas. All data are expressed as mean 
+ the standard error of the mean. 


Results 


Hemodynamics 

Overall, significant reduction occurred in the average 
peak left ventricular outflow tract gradient at rest and in 
response to provocation (Table 2). Four patients (11%) 


Table 2. Preoperative and Postoperative Angiographic, Hemodynamic, and Functional Data* 





Improvement 
Variable n Preoperative Postoperative l (%) p Value 
Overall group 
Resting gradient (mm Hg) 35 61+ 8 14 4 78 p < 0.0005 
Gradient with provocation (mm Hg) 
Valsalva maneuver 20 869 30 +7 66 p < 0.0005 
Amyl nitrite 17 8 +6 28 + 6 67 p < 0.0005 
- Isoproterenol 15 117 + 8 48 + 10 59. p < 0.0005 
LVMM without coronary artery bypass 
grafting l 
Severity of mitral regurgitation (0-4+) 28 1.3 + 0.2? 0.8 + 0.2 38 p < 0.05 
Resting gradient (mm Hg)» 28 68 + 9? 75 75 p < 0.0005 
Gradient with provocation (mm Hg) 
Valsalva maneuver 15 93 + 8 3149 67 p < 0.0005 
Amyl nitrite 13 83 +5 31+ 8 63 p < 0.0005 
Isoproterenol 13 123 +8 52 + 11 58 p < 0.0005 
. Functional class (1—4) 28 3.1 + 0.1 2.2 + 0.2 29 p < 0.0005 
LVMM with coronary artery bypass 
grafting 
Severity of mitral regurgitation (0-4+) 7 16+ 0.4 0.6 + 0.2 63 p < 0.025 
Resting gradient “mm Hg) 7 35 + 13 2+1 94 p < 0.025 
Gradient with provocation (mm Hg) 
Valsalva maneuyer 5 66 + 24 12+6 82 p < 0.05 
Amy] nitrite 4 93 + 19 19+5 80 p < 0.005 
Isoproterenol 2 80 +5 197 76 p < 0.01 
Functional class (1-4) 7 3.3 £03 2.3 + 0.4 30 p < 0.05 


= All data are paired and expressed as means + standard errors. 
variance. 


LVMM = left ventricular myotomy and myectomy. 


> Not significantly different from value with bypass grafting by one-way analysis of 


` Ann Thorac Surg 
1989;48:251-6 


Table 3. Effect of Left Ventricular Myotomy and Myectomy 
on Angiographic Demonstration of Mitral Regurgitation 


Postoperative* 
Pre- MR Im- MR 
opera- provedor MRUn- Worsened 

Group tive Abolished changed or Acquired 
Overall (n = 35) 

MR present 25 18 (72) 5 (20) 2 (8) 

MR absent 10 6 (60) 4 (40) 
LVMM without 

CABG - 

(n = 28) 

MR present 19 13 (68) 4 (21) 2 (11) 

MR absent 9 6 (67) 3 (33) 
LVMM with 

CABG 

(n = 7) 

MR present 6 5 (83) 1 (17) ae 

MR absent 1 Rag apis 1 (100) 








a Numbers in parentheses are percentages of preoperative total. 


CABG = coronary artery bypass grafting; © LVMM = left ventricular 
myotomy and myectomy; MR = mitral regurgitation. 


had no resting gradient preoperatively, whereas 17 (49%) 
had none postcperatively (x*, p < 0.005). 

The population was subdivided for analysis into those 
with coronary artery disease requiring CABG at the time 
of LVMM (n = 7) and those without CABG (n = 28) to 
determine if a differential response to operation could be 
discerned. Reduction to clinically insignificant values oc- 
curred in the average peak left ventricular outflow tract 
gradients in both groups (Table 2). In 1 patient not 
undergoing concomitant CABG, the postoperative resting 
gradient remained greater than 100 mm Hg, despite the 
fact that the patient was in functional class I and was 
much improved. The degree of mitral regurgitation im- 
proved from 3+ to 2+, which may in part explain the 
patient’s symptomatic and functional improvement. Sig- 
nificant reductions in the average of peak gradients also 
occurred in response to provocation with the Valsalva 
maneuver, amyl nitrite, and isoproterenol in both groups. 


Angiography 

Of the overall group (n = 35), 25 patients (71%) had mitral 
regurgitation preoperatively. Of these, 13 had no evi- 
dence of regurgitation postoperatively, and an additional 
5 had improvement in severity. Eleven patients (31%) 
were without change and 6 (17%) had worsening of mitral 
regurgitation. One patient undergoing CABG acquired 
1+ mitral regurgitation postoperatively, and 3 patients 
without CABG acquired mitral regurgitation (1+ in 1 
patient and 2+ in 2 patients) (Table 3). All patients with 
severe mitral regurgitation (ie, 3+; no patient had 4+) 
improved postoperatively. 

Among the 7 patients undergoing concomitant CABG, 
of whom 6 had mitral regurgitation, 71% (n = 5) demon- 
strated improvement in the degree of mitral insufficiency; 
1 (14%) was unaffected and 1 (14%) showed deterioration 


COOPER ET AL 253 
MYECTOMY AND MITRAL REGURGITATION 


(Table 3). The incidence of mitral regurgitation decreased 
from 86% (n = 6) preoperatively to 57% (n = 4) postop- 
eratively (p < 0.005), with an improvement in severity of 
72% among those with regurgitation preoperatively (1.8 + 
0.3 preoperatively to 0.5 + 0.2 postoperatively, p < 0.005). 
In contrast, only 46% (n = 13) of patients without CABG 
had improvement in mitral regurgitation; 36% (n = 10) 
were unaffected and 5 (18%) had increased regurgitation 
(Table 3). The incidence of regurgitation in the group 
without CABG decreased from 68% (n = 19) preopera- 
tively to 43% (n = 12) postoperatively (p < 0.005) with 
improvement in severity from 1.8 + 0.2 to 0.8 + 0.2 (p< 
0.005) among those patients with regurgitation preopera- 
tively. These differences in response to LVMM were 
highly significant (p < 0.005 by x analysis) for the 
improved and unaffected patients. Analysis of variance 
did not show a significant difference in the mean preoper- 
ative severity of regurgitation between groups, nor a 
difference in the mean preoperative resting left ventricular 
outflow tract gradient (p > 0.05) to account for this 
differential response (Table 2). The favorable redistribu- 
tion in severity of mitral regurgitation postoperatively is 
shown in Figure 1. 


Correlation 


Although minimal correlation was found between sever- 
ity of basal left ventricular outflow obstruction and sever- 
ity of mitral regurgitation preoperatively in the overall 
group (r = 0.29) and in the group not undergoing CABG 
{r = 0.29), a marked correlation was present in the group 
with CABG (r = 0.69). 

Calculation of correlation coefficients to detect a rela- 
tionship between the change in severity of mitral regur- 
gitation and hemodynamic parameters revealed some 
association with the reduction in resting left ventricular 
outflow gradient in the group without CABG (r = 0.27) 
but negligible association with the change in gradient in 
response to provocation with the Valsalva maneuver (r = 
0.15), amyl nitrite (r = 0.01), or isoproterenol (r = 0.04) in 
the same group. In the group undergoing concomitant 
CABG, negligible association was found between the 
change in severity of mitral regurgitation and the resting 
outflow tract gradient (r = 0.19), and some association 


_ with the change in gradient in response to the Valsalva 


maneuver (r = 0.41). However, although very strong 
associations were found with the change in response to 
amyl nitrite (r = 0.94) and isoproterenol (r = 1.0), the 
significance of this statistical finding is suspect as these 
subgroups were constituted by only 4 and 2 patients, 
respectively. 


Function 


New York Heart Association functional class improved an 
average of 29% from a mean of 3.1 + 0.1 preoperatively to 
2.2 + 0.2 at the time of postoperative left ventriculogram 
(p < 0.0005) in the group without CABG and from 3.3 + 
0.3 to 2.3 + 0.4 in the group undergoing CABG (p < 0.05, 
30%). 
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Fig 1. Preoperative and postoperative severity 
of mitral regurgitation in patients undergoing 


LYMM without Coronary Artery Bypass 
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LVMM with Coronary Artery Bypass 
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Comment 


The reported incidence of associated mitral regurgitation 
in obstructive IHSS ranges from 40% to 100%, depending 
in part on whether the valvular incompetence is diag- 
nosed angiographically, echocardiographically, or by in- 
dicator dilution studies [3-10]. Mitral incompetence was 
present in 71% of our patients preoperatively. Although it 
has generally been held that correctly performed septal 
myectomy usually relieves associated mitral regurgitation 
[11], few reports have been more than anecdotal and few 
have carefully excluded cases of catheter interference with 
mitral valve coaptation or premature ventricular contrac- 
tion or other arrhythmias as confounding variables induc- 
ing mitral incompetence. Morrow [5] noted that 10 of 11 
patients (91%) who had evidence of mitral regurgitation 
preoperatively had fully competent valves after operation. 
Agnew and associates [8] reported on 28 patients in 
whom both preoperative and postoperative cineangio- 
grams were available for comparison. Of these, 16 had 
mitral regurgitation preoperatively and of these, the re- 
gurgitation was abolished in 14 (88%). A somewhat lesser 
effectiveness in abolition of mitral insufficiency was noted 
by Schmahl and colleagues [6], who reported the persis- 
tence of regurgitation postoperatively in 3 of 7 patients 
(43%). They noted, however, that in only 1 patient was 
the regurgitation clinically significant. 

In comparison with these reports, 51% of our popula- 
tion overall showed improvement in the severity of mitral 
regurgitation with a further increased response in patients 
with coronary artery disease requiring concomitant CABG 
(improvement in 71% vs 46% of patients without CABG) 
and those with the most severe regurgitation (improve- 
ment in 100%). Our overall result may reflect the appear- 
ance at operation of a much broader spectrum of septal 
morphology and more symmetrical hypertrophy of the 
septum per se than that originally described by Braun- 
wald and co-workers [12]. In fact, since 1983 intraopera- 


tive echocardiography has been performed in all patients 
being considered for LVMM. This was performed with 
the transducer placed directly on the heart and 2- 
dimensional and M-mode echocardiograms obtained in 
the long and short axes. If at the time of operation the 
ventricular septum measured less than 18 mm at the area 
of proposed resection, a mitral valve replacement was 
performed rather than LVMM. Current studies of poten- 
tial high-risk patients undergoing operative intervention 
for IHSS, either LVMM or mitral valve replacement, will 
determine the short-term and long-term benefits and 
complications associated with each procedure. 

The differential response of mitral regurgitation to 
LVMM in the presence or absence of coronary artery 
disease is not explained by a difference in degree of 
outflow obstruction or severity of mitral insufficiency 
preoperatively between groups, and may be due to isch- 
emic papillary muscle dysfunction corrected by concomi- 
tant CABG. In addition, the greater correlation (r = 0.69 
vs r = 0.29) found between severity of basal outflow 
obstruction and severity of mitral regurgitation preopera- 
tively in the group with coronary artery disease may 
explain the improved response of mitral regurgitation to 
LVMM in these patients. 

The precise mechanism or mechanisms responsible for 
mitral regurgitation in IHSS are believed to be linked to 
those responsible for left ventricular outflow obstruction. 
Although abnormal insertion of mitral valve leaflets has 
been reported [13], as has leaflet thickening presumably 
secondary to trauma [14], these cases are believed to 
account for a minority of cases of mitral insufficiency 
associated with IHSS. Systolic anterior motion of the 
mitral valve leaflets with early systolic apposition to the 
ventricular septum resulting in mechanical obstruction to 
left ventricular emptying is believed to be the major cause 
of obstructive IHSS [9, 15-18]. In fact, the degree of 
systolic anterior motion has been found to be proportional 
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to the severity of left ventricular outflow obstruction [19], 
and its disappearance after LVMM in the majority of 
patients corresponds with a successful hemodynamic 
result with reduction of outflow tract gradients [6, 8, 13, 
20, 21). i 

The question then concerns the mechanism by which 
systolic anterior motion occurs. Reis and associates [21] 
have shown that asymmetric septal hypertrophy results 
in anterior-posterior displacement of papillary muscles. 
During ventricular contraction this malalignment is accen- 
tuated and results in pulling of the anterior mitral leaflet 
toward the hypertrophied septum, which obstructs the 
left ventricular outflow tract during systole and causes 
mitral regurgitation [14]. Successful LVMM results in 
posterior-superior realignment of the papillary muscles 
and consequent relief of left ventricular outflow obstruc- 
tion and associated mitral regurgitation [21]. 

Systolic anterior motion is also presumed secondary to 
a Venturi effect as a result of high-speed streaming of 
ejected blood through the left ventricular outflow tract 
[17, 19, 22, 23]. It is not surprising, therefore, that relief of 
left ventricular outflow obstruction with a reduction in 
high-velocity streaming and Venturi forces would result 
in a decrease in the degree of mitral regurgitation. In fact, 
Spirito and colleagues [22] have shown echocardiograph- 
ically an increase in left ventricular outflow tract dimen- 
sion postoperatively after LVMM, which would have the 
effect of reducing the velocity of blood flow during ejec- 
tion with reduction or abolition of Venturi forces respon- 
sible for systolic anterior motion, the subaortic gradient, 
and mitral regurgitation. Further, Nishimura and co- 
workers [24] found that mitral regurgitation was related to 
the degree of systolic anterior motion, and that the 
maximal amount of mitral regurgitation on color flow 
imaging occurred late in systole after the appearance of 
turbulent flow in the left ventricular outflow tract that 
indicates obstruction. In addition, the peak velocity de- 
tected in the left ventricular outflow tract was positively 
correlated with the degree of systolic anterior motion, 
supporting the postulation that systolic anterior motion 
and mitral regurgitation are induced by a Venturi effect. 

Wigle and associates [10] estimated miiral regurgitation 
by dye-dilution techniques and demonstrated a decrease 
in mitral regurgitation with pharmacological reduction of 
left ventricular outflow obstruction as well as an increase 
in mitral regurgitation with pharmacological intensifica- 
tion. The degree of mitral regurgitation varied directly 
with the severity of outflow tract obstruction in the 
majority of patients, and was believed to be secondary to 
the obstruction. Wigle and associates [10] concluded in 
1969, due to the above results, in conjunction with the 
abolition of left ventricular outflow obstruction and mitral 
regurgitation in response to LVMM, that left ventricular 
muscular abnormality and not the anterior mitral leaflet 
was of primary importance in causing obstruction. 

Agnew and associates [8] noted that in addition to 
abnormal papillary muscle orientation due to the pattern 
of hypertrophy, excessive chordal traction and lack of 
normal apex to base systolic shortening with marked 
circumferential contraction, as previously shown by Klein 
and colleagues [25], may cause or contribute to abnormal 
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mitral valve movement and are unlikely to be directly 
influenced by operation. These authors postulated that 
once obstruction has occurred the pressure relationships 
between the base of the left ventricle, the outflow tract, 
and the left atrium cause further displacement of both 
mitral leaflets into the outflow tract. Whereas the anterior 
leaflet is able to flex into this position, the posterior leaflet 
is extended and stretched taut, thus losing its normal area 
of coaptation with the displaced anterior leaflet, allowing 
regurgitation to occur. 

Additional factors that should be mentioned with re- 
spect to the incidence of mitral regurgitation after LVMM 
include global dysfunction as a result of ischemic damage 
or poor myocardial preservation or direct injury to the 
mitral valve apparatus during septal myectomy. These 
factors would tend to influence the incidence of regurgi- 
tation in opposite directions. In 2 patients poor left 
ventricular function postoperatively raised the possibility 
of such global insult. In 1 patient the degree of mitral 
regurgitation remained unchanged at 1+, and in the other 
it decreased from 1+ to 0. No cases of iatrogenic damage 
to the mitral valve were detected. Finally, despite careful 
adherence to strict criteria for the angiographic grading of 
mitral regurgitation, application of the stated criteria 
remains a qualitative assessment. 

In conclusion, this study has demonstrated that approx- 
imately one half of all patients undergoing LVMM for 
palliation of obstructive IHSS may derive improvement in 
the severity of associated mitral regurgitation after oper- 
ation. Of those improved postoperatively, over one half 
had complete abolition of mitral regurgitation. However, 
virtually all patients with more severe mitral regurgitation 
may demonstrate improvement (100% in this study). 
Although a greater response of coincident mitral regurgi- 
tation to LVMM was found in the group undergoirg 
concomitant CABG, this could be explained by possible 
correction of ischemic papillary muscle dysfunction as 
well as an increased correlation between severity of basal 
left ventricular outflow tract obstruction and severity of 
mitral regurgitation preoperatively. It is suggested that an 
enhanced improvement in mitral regurgitation may be 
expected if such a correlation exists, even in the absence 
of a component of correctable ischemic coronary artery 
disease. Once again, this study has also demonstrated 
that significant hemodynamic and functional improve- 
ment may be expected after LVMM. 
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We studied 195 patients undergoing esophageal resection 
using stapling instruments during a period of over 8.5 
years. Of these, 178 (91.2%) underwent operation for 
malignant disease. Operative death occurred in 19 pa- 
tients (9.7%). Nine (4.6%) postoperative complications, 
excluding stricture formation, were related to the use of 
stapling instruments, including two operative deaths 
(1.0%). Anastomotic leaks and gastrotomy staple line 
leaks were the most common complications (four each). 
In 7 patients (3.6%) the circular stapler tore the esopha- 
gus; anastomotic leaks subsequently developed in 43% 


Fieshage:! resection remains an important means of 
relieving dysphagia in patients with benign and 
malignant obstruction of the esophagus. Recent advances 
in surgical techniques and postoperative management 
have helped to lower the operative mortality of this 
procedure, but long-term survival remains illusive in 
patients undergoing esophageal resection for malignant 
disease. One manifest advance in esophageal surgery has 
been the introduction of stapling instruments to facilitate 
resection and reestablish esophageal continuity [1-4]. 
Although earlier reports have confirmed the safety and 
efficacy of these devices, large series follow-up over long 
time periods is lacking [5-7]. 

We have used stapling instruments exclusively to per- 
form esophageal resections since 1980, when they became 
generally available. This study relates our experience 
using stapling instruments during a period of over 8 years 
and describes the common errors we have encountered as 
well as methods we have found helpful. 


Material and Methods 


The hospital notes of all patients referred for treatment of 
esophageal cancer as well as of 17 patients who under- 
went esophageal resection for benign esophageal stric- 
tures between January 1980 and May 1988 were analyzed 
retrospectively. One hundred ninety-five patients under- 
went resection using stapling instruments; 178 (91.2%) for 
malignant tumors of the middle and lower third of the 
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of these patients. After we began oversewing gastrotomy 
staple lines in 1984, we experienced only one gastrotomy 
leak due to a technical error. Postoperative stricture 
formation occurred soon after resection and responded 
well to one or two dilations. It is better to err on the side 
of choosing too small a stapling head when performing 
an esophageal anastomosis because this may reduce the 
incidence of leaks, and further strictures are easily dealt 
with. 


(Ann Thorac Surg 1989;48:257-62) 


esophagus, and 17 for benign reflux-induced strictures 
that failed to respond to dilation. 

Preoperative assessment consisted of Beg and phys- 
ical examination, barium swallow, biochemical screening, 
esophagoscopy, and in cases of midesophageal tumors, 
bronchoscopy. Ultrasound and computed tomographic 
scans were obtained when indicated for evaluation of 
local and metastatic spread that would preclude operative 
intervention. The presence of vocal cord paralysis, trache- 
oesophageal fistula, and enlarged cervical lymph nodes 
and the demonstration of large hepatic metastases by 
ultrasound scanning Were accepted indications of inoper- 
ability. Patients who were considered fit enough to with- 
stand thoracotomy underwent resection; age was not 
considered a contraindication to operation. 

Our operative technique, which uses stapling instru- 
ments whenever possible, has been previously described 
[3]. If the tumor is considered resectable, the stomach is 


mobilized fully using the LDS stapler (U.S. Surgical Cor- 


poration, Norwalk, CT) to ligate and divide vessels along 
the lesser and greater curvature of the stomach. Care is 
taken to preserve the right gastric and gastroepiploic 
vessels, The left gastric artery is doubly tied and divided 
at its origin using the LDS stapler at its origin. 

Care is taken not to mobilize the proximal esophagus 
more than is necessary and to keep the various staple 
lines well apart so as to maintain viability of the interven- 
ing stomach wall. Sizers are not used to determine the 
size of the end-to-end anastomotic (EEA) stapler required 
to reduce to a minimum the trauma caused to the proxi- 
mal esophagus. All straight staple lines are oversewn. 

The cartridge and anvil are examined for circular tissue 
fragments (donuts). Two circumferential tissue fragments 
incorporating all layers indicate a well-fashioned anasto- 
mosis. All straight staple lines are reinforced with a 
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continuous 3-0 Mersilene suture (Ethicon, Sommerville, 
NJ). 

- The gastric remnant is anchored to the hiatus using 
interrupted 3-0 Mersilene sutures. Omentum from the 
greater curvature of the stomach is wrapped around the 
esophageal anastomosis and gastrotomy suture lines and 
anchored into position using interrupted Mersilene su- 
tures. The diaphragm is repaired and the incision is closed 
in layers leaving one intercostal drain. 

Postoperative care ensured optimal pulmonary function 
with chest physiotherapy, bronchodilators, and antibiot- 
ics when indicated. Subcutaneous heparin prophylaxis 
was begun preoperatively and continued until the patient 
was ambulatory. Parenteral nutrition was not used rou- 
tinely before oz after operation. Chest tubes were re- 
moved on the first or second postoperative day. Nasogas- 
tric tubes were left in place until aspirates were minimal, 
usually the second postoperative day. Water by mouth 
was begun on day 4, and diet advanced as tolerated. 

Initially, the site of the lesion after diagnosis dictated 
the surgical approach; however, since 1983 we have 
attempted to resect all middle-third and lower-third tu- 
mors through a left thoracotomy. In total, 103 patients 
have been resected through a left thoracotomy: 76 by a left 
thoracoabdominal approach, and 16 using a Ivor Lewis 
technique. In 12 patients a left thoracotomy incision used 
for initial exploration required extension to a thoracoab- 
dominal incision when exposure proved to be limiting. 

Gastrografin swallows were not routinely performed 
unless a leak was suspected or difficulty had been encoun- 
tered in performing the anastomosis. After discharge 
from the hospital, patients were seen at 3-month intervals 
for the first year, then every 6 months. They were 
evaluated for evidence of tumor recurrence, anastomotic 
stricture, and metastatic spread. Only patients complain- 
ing of dysphagia underwent esophagoscopy. 

Statistical significance was determined using the y test. 
After exploratory data analysis [8], we felt that a multi- 
variate analysis of our data would be misleading because 
the few stapler-related complications could be traced 
directly to idencifiable technical problems. 


Results 


Since January 1980, 283 patients have been referred to us 
for treatment of esophageal cancer. Of these, 178 (62.8%) 
met our criteria for operation and underwent resection. In 
addition, 17 patients underwent resection for benign, 
nondilatable reflux-induced strictures causing unaccept- 
able dysphagia. A total of 195 resections were performed 
using the EEA stapler. Of patients undergoing resection, 
121 were men and 74 were women; the mean age of the 
entire group was 64.3 years (range, 33 to 84 years). Of 283 
patients with carcinoma, 75 were older than 70 years and 
208 were younger; 42 (56%) of the patients older than 70 
years underwent resection versus 136 (65.4%) of those 
younger than 70 years (no statistical difference). 
Operative mortality, defined as death within 30 days of 
operation, within the initial hospitalization, or as a result 
of operation, was 9.7% (19/195) for the entire group 
undergoing resection. Among patients older than 70 
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Table 1. Pathological Diagnosis of 178 Patients Resected for 
Malignant Disease" 


Full Lymph 
Thickness Node Positive 
Penetra- Involve- Resection 
No. of tion ment Margin 
Tumor Type Patients (%) (%) ` (%) 
Squamous cell 74 86 "51 10.9 
Adenocarcinoma 95 85 64 11.6 
Undifferentiated cell 5 80 40 0 
carcinoma 
Lymphoma 3 0 0 0 
Oat cell 1 0 100 0 
Total 178 81.4 64.9 10.7 





* There were also 17 patients with benign peptic stricture. 


years, operative mortality was 13% (6/46); among those 
younger than 70 years, the mortality rate was 8.7% 
(13/149) (no statistical difference). Comparing the different 
incisions used, the operative mortality rate was 7.8% 
(8/103) in the left thoracotomy group, 11.8% (9/76) in the 
thoracoabdominal group, and 12.5% (2/16) in the Ivor 
Lewis group (no statistical difference). 

Twenty-nine complications occurred in 25 patients, an 
incidence of 14.9% (29/195). Bronchopneumonia devel- 
oped in 6 patients, and gastrotomy leaks, anastomotic 
leaks, and wound infections each developed in 4 patients. 
Three patients each experienced congestive heart failure 
(2 after myocardial infarction), atrial fibrillation, and post- 
operative chylothoraces. There was one episode of instru- 
ment failure and one deep venous thrombosis. Among 
patients older than 70 years, complications ‘developed i in 
13% (6/46), whereas 15.4% (23/149) of patients younger 
than 70 years suffered hospital morbidity (not stonetically 
significant). 

In the left thoracotomy group, 16.5% (17/103) suffered 
complications, whereas 13.2% (10/76) of the thoracoab- 
dominal group and 12.5% (2/16) of the Ivor Lewis group 
suffered complications (no statistical difference). 

The majority of resections (n = 95) were performed for 
adenocarcinoma. Tumors extended through the entire 
esophageal muscle in 81.4% of patients, with 64.9% 
having positive lymph nodes and 10.7% having micro- 
scopic residual tumors at the resection margin (Table 1). 

Patients were discharged home, on average, 13.6 days 
postoperatively (median, 11 days). 

Postoperative dysphagia developed in 34 patients 
(19.3%). Dysphagia was caused by benign anastomotic 
narrowing of the stapled anastomosis in 24 patients 
(14.4%) and by recurrent tumor at the anastomosis in 10 
patients (5.6%). By excluding from analysis those patients 
who died in the acute postoperative period (19) and those 
who developed recurrent tumor at the anastomosis (10), 
the true risk group for benign anastomotic narrowing was 
determined. Benign anastomotic narrowing developed in 
8 of 46 patients (17.4%) at risk who were resected using 
the 25-mm stapling cartridge, in 14 of 83 (16.9%) resected 
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ANASTOMOTIC STRICTURES 


Fig 1. Time to occurrence of 24 strictures developing after the use of 
the end-to-end anastomotic stapler. 


using the 28-mm stapling head, and in 2 of 31 (6.5%) 
patients resected using the 31-mm head; these differences 
were not statistically significant. The incidence of benign 
anastomotic stricture formation was much. higher in pa- 
tients initially resected for reflux-induced strictures (6/17 
or 35.3%) than in those patients resected for malignant 
disease (18/149 or 12.0%) (p < 0.05). These results are 
similar to, but not exactly the same as, those reported 
previously in our first 176 patients [9]. 

The majority of strictures developed soon after opera- 
tion: 83.3% (20/24) occurred within 6 months (Fig 1). The 
latest stricture developed 48 months postoperatively in a 
patient originally undergoing resection for benign peptic 
stricture. Overall, benign anastomotic strictures re- 
sponded well to dilation; 75% (18/24) required two or 
fewer dilations to achieve normal swallowing (Fig 2). 
Three of 4 patients requiring more than three dilations 
were resected for benign disease. The 6 patients who 
developed dysphagia after resection for benign disease 
required 20 dilations, or 3.33 per patient, whereas the 18 
patients originally resected for malignant disease aver- 
aged only 1.66 dilations per patient. 

Follow-up was complete in 95% of patients to May 1988 
(range, 2 to 96 months; average, 26.4 months); this was 
performed during May and June 1988. For malignant 
disease the 50% actuarial survival, including operative 
deaths, was 11 months, and at 2 years survival was 20%. 
Ten patients are still alive 5 years after operation for 
cancer (Fig 3). 

Nine postoperative complications (4.6%) were related 
to the use of stapling instruments, including two opera- 
tive deaths (1.0%). There were four anastomotic leaks 
(2.1%), four gastrotomy leaks, and one episode of instru- 


ment failure (0.5%). All four anastomotic leaks in our . 
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series occurred during a 13-month period beginning in 
February 1986, after 140 (72%) successful esophageal 
anastomoses had been performed. 

We experienced three gastrotomy line leaks (including 
one death) before January 1984. Since then we have 
oversewn all straight gastric staple lines with a continu- 
ous, noninverting layer of 3-0 Mersilene. We have had 
only one further gastrotomy line leak, which occurred 
when an anterior gastrotomy was made within 1 cm of the 
stomach resection margin. At reoperation the tissue be- 
tween the two staple lines had necrosed; despite an 
attempt to refashion the gastrotomy closure, this patient 
died. 

In 7 patients (3.6%), the circular stapler cartridge tore 
the esophagus when too large a stapling head was in- 
serted into a noncompliant esophagus. This occurred 
once with the 31-mm stapling head, five times with the 
28-mm head, and once with the 25-mm head (no statistical 
difference). Three (43.0%) of these patients went on to 
develop an anastomotic leak, and 1 died. In the patient 
who developed a tear from the 25-mmi head, an anasto- 
mosis was fashioned by hand; this was the only patient ir. 
whom we were unable to use the stapling instrument 
(0.5%). 

The EEA stapler failed to work satisfactorily in 1 patient 
(0.5%). In this instance, although staples fired from the 
stapler, the knife failed to cut the center core of tissue. 
This was noted at the time of operation, and an attempt 
was made to trim the excess tissue through the gastrot- 
omy. This patient was swallowing normally when she left 
the hospital. However, later recurrent dysphagia proved. 
refractory to dilation and re-resection was eventually 
required. No patient required reoperation for bleeding, 
even though the left gastric artery was only tied and 
clipped with the LDS stapler. 





NUMBER OF PATIENTS DILATED 





NUMBER OF TIMES DILATION WAS REQUIRED POSTOPERATIVELY 


Fig 2. Number of times dilation was prepared per patient to relieve 
dysphagia. 
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Fig 3. Actuarial st:rvival including operative death 100 
after esophagogastrectomy for cancer. : 
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Comment 


Our series confirms earlier reports that stapling instru- 
ments can be used safely to perform esophageal opera- 
tions. Our data also clearly show that a learning curve and 
variability among surgeons are associated with the use of 
staplers for esophageal resection. Through experience, 

these technical and judgment errors can be identified and 
avoided. Based on our experience, we have modified our 
surgical technique in several ways. 

Morbidity and mortality directly attributed to the use of 
stapling devices is low: The most serious stapler-related 
complication—anastomotic and gastrotomy leakage— 
resulted in two patient deaths (1.0%). In 7 patients, the 
proximal esophagus was torn after an attempt to insert 
too large a stapler head into a noncompliant esophagus. 
Even though en esophageal tear was noted in each case, 
and a further cuff of esophagus was excised to apparently 
normal tissue, 43% of these patients went on to develop 
an anastomotic leak. A more conservative approach in the 
selection of the EEA stapling head would have prevented 
the tearing in each case: Four anastomotic leaks occurred 
after considerable experience had been obtained using 
staplers and during a short period of time. This suggests 
that surgeon variability is an important determinate in the 
successful use of stapling instruments. 

Because of the problems we have had with esophageal 
tears, we do not attempt to size the proximal anastomosis 
to determine which stapling cartridge to use. In 2 patients 
the esophagus .was torn by the sizer; both of these 
patients developed postoperative leaks. We feel that this 
additional source of trauma is unnecessary; rather we 
advocate visually estimating the correct size of stapling 
head. With very little experience, one can accurately 
estimate the appropriate cartridge head to be used. If a 
tear does occur using the circular stapling device, a larger 
cuff of proximal esophagus than expected must be ex- 
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cised. Presumably, the mucosal tear runs farther than that 
in the outer muscle layer, and additional esophagus 
should be excised to compensate for this. We have not 
attempted to repair these tears with sutures for fear of 
incompletely approximating the mucosal component of 
the tear. Rather, we prefer to resect an additional length 
of esophagus and use the next smaller stapler head to 
reconstruct the anastomosis. Because of our confidence in 
the stapling devices we do not routinely hand sew anas- 
tomoses after an esophageal tear. Intraoperative methyl- 
ene blue is often helpful in detecting tears of the esoph- 
agus in doubtful cases. We advocate performing a 
Gastrografin swallow on these patients and delaying oral 
feeding until a secure anastomosis has been demon- 
strated. . 

Overall, we found the circular stapler to be versatile and 
reliable. Only 1 patient could not undergo resection 
because the esophagus was too small to allow the safe 
insertion of the. EEA stapler; this patient required a 
hand-sewn anastomosis. Similarly, in 1 patient the stapler 
failed to function correctly. This occurred in 1980, early in 
our experience, with an older, reusable model stapling 
gun. We have not seen this complication with the newer, 
disposable EEA stapler. Neither the TA nor the LDS 
staplers failed to perform correctly. 

Our operative mortality rate (9.7%) compares favorably 
with those of previously published reports. In the review 
by Earlam and Cunha-Melo [10] of 122 papers published 
throughout the world between 1953 and 1978, the com- 
bined operative mortality was 29% (range, 1% to 83%) for 
patients undergoing esophageal resections. The circular 
stapling device has contributed to a lower mortality pri- 
marily by reducing the number of anastomotic leaks [5]. 
In a recent review of the surgical literature, Chaussin [1] 
reported a leak rate from sutured gastroesophageal anas- 


. tomoses of 10% (range, 0% to 40%). Anastomotic leak 
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rates using the EEA stapler are reported to be 1.4% 
(range, 0% to 5%) [5]. 

Since 1984 we have oversewn all gastrotomy suture 
lines with Mersilene after 1 patient died from a leak. We 
have seen this complication once since 1984, when it was 
caused by a technical error in placing the gastrotomy 
suture line too close to the gastric resection line; necrosis 
of the intervening stomach subsequently occurred. West 
and associates [4] reported gastrotomy line leaks develop- 
ing in 2 of 31 patients after the use of stapling instruments 
and likewise advocated oversewing all gastric suture 
lines. As an added safety precaution, we strongly suggest 
wrapping all anastomotic staple lines and gastric staple 
lines with omentum. Moreover, care should be taken to 
place the gastrotomy far enough away from the gastric 
resection margin to ensure a viable segment of interven- 
ing stomach. 

The primary goal of operation for benign and malignant 
esophageal obstruction is often the relief of dysphagia so 
that the patient can swallow once again. Of our patients 
undergoing resection using the EEA stapler, 19.3% expe- 
rienced postoperative dysphagia. In the majority of these 
patients, benign anastomotic strictures caused the dys- 
phagia. Although we were unable to demonstrate a sta- 
tistically significant relationship between the size of the 
stapler head used and the incidence of benign stricture 
formation using the EEA stapler, our figures do suggest 
that a smaller anastomosis is more likely to become 
narrowed. Although we advocate using the largest possi- 
ble stapler head, it is dangerous to be too ambitious. 

By far the highest rate of stricture formation occurred in 
patients who underwent esophageal resection for reflux- 
induced strictures (35.3%). Orringer and Stirling [11] 
recently reported a similar incidence of dysphagia (50%) 
after cervical hand-sewn esophagogastric anastomoses in 
91 patients for benign disease. We have previously re- 
ported the stricture rate in our first 176 patients [9]. As in 
our present series, the majority of these strictures devel- 
oped soon after operation and responded well to one or 
two dilations. We concur with Orringer and Stirling that 
the stomach is the preferred organ for esophageal replace- 
ment. 

We now attempt to perform all esophageal resections 
via a left thoracotomy. Our operative mortality improved 
from 11.8% in patients resected via thoracoabdominal 
incisions to 7.8% in patients explored exclusively via a left 
thoracotomy. Dark and co-workers [12] advocate a similar 
approach, although through the bed of the eighth rib, and 
have reported a similar operative mortality (7.6%). The 
left thoracotomy incision provided inadequate exposure 
in only 10% of our patients; furthermore, should the left 
thoracotomy provide inadequate exposure, the incision 
can be extended to a full thoracoabdominal incision. We 
agree with Dark and co-workers that the smaller incision 
reduces operative time and, as it does not cross the costal 
margin, allows for less painful coughing and breathing 
and better cooperation with physical therapy. We do not 
consider the thoracoabdominal incision a competitive, but 
rather a complimentary, incision. 

Because of the relatively high operative mortality of 
esophageal resection, there has been a reluctance to 
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operate on patients over 70 years of age [7, 13, 14]. These 
patients are thought to tolerate thoracotomy more poorly 
[15], to develop pulmonary emboli and myocardial infarc- 


tion more frequently [16], and to have a higher operative 


mortality than younger patients undergoing esophageal 
resection [17, 18]. Our data refute this notion. Our hospi- 
tal mortality in patients over 70 years of age was 13.0%, 
with 56% of patients with malignant disease undergoing 
resection. Among patients older than 75 years, the oper- 
ative mortality was 6.3%. During the same period, our 
hospital mortality in patients younger than 70 years was 
not statistically different. Therefore, esophagectomy us- 
ing stapling instruments can be performed successfully 
even in the elderly with an acceptable mortality. 

In all groups, however, long-term survival remains 
elusive due to the advanced stage of presentation that 
characterizes esophageal cancer. We were unable to dem- 
onstrate improved survival using stapling instruments 
compared with historical controls [19]. Mediastinal inva- 
sion was seen in the majority of our patients, and this is 
reflected in our 5-year survival rates. 

In conclusion, stapling instruments can be used safely 
and reliably to perform esophageal resections. Gastrot- 
omy staple line leaks and anastomotic leaks are the major 
stapler-related complications. Oversewing all straight sta- 
ple lines can reduce the incidence of gastrotomy line 
leaks, and the careful selection of circular stapling heads 
may avoid traumatizing the proximal esophagus. We feel 
it is better to err on the side of choosing too small a 
stapling head when performing the esophageal anasto- 
mosis because this may reduce the incidence of leaks, and 
future strictures are easily dealt with. Long-term survival 
does not appear to be improved by the use of stapling 
instruments. 
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Notice From the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery began its re- 
certification process in 1984. Diplomates interested in 
participating in this examination should maintain a doc- 
umented list of the operations they performed during the 
year prior to application for recertification. They should 
also keep a record of their attendance at thoracic surgical 
meetings, and other continuing medical education activi- 
ties, for the 2 years prior to application. A minimum of 100 
hours of approved CME activity is required. 

In place of a cognitive examination, candidates for 
recertification will be required to complete both the gen- 
eral thoracic and cardiac portions of the SESATS M 
syllabus (Self-Education/Self-Assessment in Thoracic Sur- 
gery). It is not necessary for candidates to purchase 
SESATS III booklets prior to applying for recertification. 


SESATS II booklets will be forwarded to candidates after 
their applications have been accepted. 

Diplomates whose 10-year certificates will expire in 
1992 may begin the recertification process in 1990. This 
new certificate will be dated 10 years from the time of 
expiration of the original certificate. Recertification is 
also open to any diplomate with an unlimited certificate 
and will in no way affect the validity of the original 
certificate. 

The deadline for submission of applications is July 1, 
1990. A recertification brochure outlining the rules and 
requirements for recertification in thoracic surgery is 
available upon request from the American Board of Tho- 
racic Surgery, One Rotary Center, Suite 803, Evanston, IL 
60201. 
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Right Ventricular Function and High-Frequency 
Positive-Pressure Ventilation During Coronary 


Artery Bypass Grafting 
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Department of Anesthesiology, Medical College of Virginia, Richmond, Virginia 


The hemodynamic and respiratory consequences of two 
modes of ventilation, conventional intermittent positive- 
pressure ventilation with a frequency of 10 cycles/min 
and high-frequency positive-pressure ventilation at 70 
cycles/min were investigated before and after cardiopul- 
monary bypass in 6 patients having coronary artery 
bypass grafting. All patients were adequately ventilated 
with each mode. During prebypass and postbypass pe- 
riods, the group with high-frequency ventilation had 
significantly lower peak airway pressures (p = 0.0001) 
and mean airway pressure (p < 0.05). There were, how- 


Hest teaersy positive-pressure ventilation (HFPPV) 
has been successfully used during anesthesia for 
bronchoscopy and laryngeal and thoracic operations [1]. 
High-frequency positive-pressure ventilation offers partic- 
ular advantages because it improves effective gas ex- 
change and cardiovascular stability with a markedly lower 
airway pressure than intermittent positive-pressure ven- 
tilation (IPPV) [1, 2]. This lower airway pressure with 
HFPPV may benefit right ventricular filling and decrease 
pulmonary vascular resistance, thereby improving right 
ventricular performance [3]. The application of HFPPV 
with a small tidal volume and a low airway pressure may 
also be useful during dissection of the internal mammary 
artery for patients undergoing coronary artery bypass 
grafting by providing a quieter operating field with min- 
imal surgical interference. This study was designed to 
assess right ventricular performance and other hemody- 
namic and respiratory effects of HFPPV and IPPV in 
patients undergoing coronary artery bypass grafting. 


Material and Methods 


Six adult patients, aged 41 to 64 years (mean age, 56 
years), undergoing coronary artery bypass grafting par- 
ticipated in this study, which was approved by the 
institutional review board. Five patients had experienced 
a myocardial infarction, and left ventricular ejection frac- 
tions were in the range of 39% to 65% (mean ejection 
fraction, 55.7%). All patients were premedicated with 
morphine sulfate (0.1 mg/kg) and scopolamine (0.04 mg/ 
kg) intramuscularly. Before induction of anesthesia, a 
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ever, no significant differences in right ventricular per- 
formance or pulmonary vascular resistance between the 
two modes of ventilation. No significant differences in 
other cardiovascular and respiratory variables were 
noted. High-frequency positive-pressure ventilation, 
with the advantage of quieter operating conditions and 
improved surgical access, can be safely applied when 
meticulous operation or hemostasis is required or during 
dissection of the internal mammary artery. 


(Ann Thorac Surg 1989;48:263-6) 


right internal jugular venous catheter and a right radial 
arterial catheter were inserted in each patient. A right 
ventricular ejection fraction/volumetric thermodilution 
pulmonary artery catheter (RVEF/PA catheter) was ad- 
vanced to the pulmonary artery through the previously 
inserted right internal jugular catheter. Anesthesia was 
induced with a high dose of sufentanil (3 to 7 wg/kg) and 
vecuronium (0.3 mg/kg) and maintained with additional 
sufentanil, supplemental isoflurane (0.3% to 0.5%), and 
100% oxygen. 

Patients were first ventilated for a 15-minute interval 
with IPPV and then switched to HFPPV for the next 
15-minute interval before the chest was opened in the 
prebypass period (IPPV-1, HFPPV-1). The same sequence 
of ventilatory modes (PPV-2 and HFPPV-2) was repeated. 
after closing the chest in the postbypass period. All 
patients were ventilated with the North American Drager 
anesthesia ventilator (Narkomed-3). This ventilator was 
used to provide an IPPV mode with a tidal volume of 1C 
mL/kg, frequency rate of 10 cycles/min, inspiratory/ 
expiratory ratio of 1:2, and fraction of inspired oxygen of 
1. The Drager machine also provided the HFPPV mode 
with expiratory tidal volume less than 200 mL, frequency 
rate of 70 cycles/min, inspiratory/expiratory ratio of 1:3.5, 
and fraction of inspired oxygen of 1. Actual delivered tidal 
volume with HFPPV, however, was less than 200 mL due 
to compliance of the anesthesia circuit. 

Right ventricular performance was assessed with an 
American Edwards REF-1 cardiac output computer and a 
RVEF/PA catheter [4]. Using this REF-1 computer with a 
modified algorithm, Dhainaut and associates [5] reported 
a close correlation between right ventricular ejection frac- 
tion (RVEF) by thermodilution and RVEF by radionuclide 
angiocardiography. The method for calculating RVEF is as 
follows: a bolus of cool saline is injected into the right 
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Table 1. Blood Gases and Peak Inspiratory Airway Pressure* 

Prebypass Postbypass ; 

Variable IPPV-1 HFPPV-1 IPPV-2 , HFPPV-2 
pH 7.46 + 0.04 . 7.43 + 0.04 7.46 + 0.02 7.42 + 0.04 
PaCO, (mm Hg) 33.6 + 4.7 37.4 + 5.5 30.3 + 2.2 35.0 + 4.9 
PaO, (mm Hg) 415 + 50 443 + 58 397 + 183 385 + 165 
A-aDO, (mm Hg) 265 + 48 234 + 60 283 + 183 293 + 165 
Ppaw (mm Hg) 20.3 + 2.3 11.3 + 1.5? 23.3 + 2.9 12.8 + 1.2 
PAW (mm Hg) 11.7 + 1.8 7:5 + 1.2 14.5 + 2.3 8.2 £ 1.3? 


* Values are given as mean + standard deviation. 


A-aDO, = alveolar-arterial oxygen tension difference; 
pressure ventilation; PaCO, = arterial carbon dioxide tension; 
airway pressure. 


atrium through the RVEF/PA catheter and mixed within 
the right ventricle with blood. The downslope of the 
thermal washout curve detected by the pulmonary artery 
thermister follows an exponential decay, which is inter- 
rupted by a series of diastolic plateaus. Calculation of the 
ratio between the temperature decreases of two succes- 
sive diastolic plateaus yields an estimate of the residual 
fraction (the fraction of blood remaining in the ventricle). 
The ejection fraction is calculated as 1 — the residual 
fraction. The American Edwards REF-1 computer with 
modified algorithm determines the best fit for the expo- 
nential washoui curve using least squares regression, and 
calculates the residual fraction by combining the mea- 
sured interval between successive R waves from the 
electrocardiographic complex and the best-fit thermodilu- 
tion curve. Cardiac output can also be calculated from the 
thermodilution curve. Right ventricular end-diastolic vol- 
ume can be calculated as stroke volume divided by RVEF. 
Right ventricular end-systolic volume can also be calcu- 
lated as right ventricular end-diastolic volume — stroke 
volume. 

At the end of 15-minute intervals with IPPV and HFPPV 
in the prebypass and postbypass periods, the following 
variables were measured: cardiac index, stroke volume 
index, right ventricular end-diastolic volume index, right 


Table 2. Hemodynamic Data* 





P Significance: p < 0.05 (IPPV vs HFPPV). 


HFPPV = high-frequency positive-pressure ventilation; 
PaO, = arterial oxygen tension; 


IPPV = intermittent positive- 
PAW = mean airway pressure; Praw = peak 


ventricular end-systolic volume index, RVEF, systemic 
and pulmonary vascular resistance indexes, central 
venous pressure, alveolar-arterial oxygen tension differ- 
ence, pH, arterial carbon dioxide and oxygen tensions, 
peak airway pressure, and mean airway pressure. Values 
were expressed as the mean + the standard deviation and 
statistical analysis was accomplished with analysis of 
variance and covariance, p < 0.05 being considered sig- 
nificant. 


Results 


Arterial blood gas values, peak airway pressures, and 
mean airway pressures are illustrated in Table 1, hemo- 
dynamic data in Table 2, and right ventricular perfor- 
mance in Table 3. All patients were adequately ventilated 
with conventional [PPV and Narkomed-3 HFPPV during 
the prebypass and postbypass periods of study. There 
were no significant differences in right ventricular perfor- 
mance, hemodynamic parameters, oxygenation, and CO, 
elimination between IPPV and HFPPV in the prebypass 
and postbypass periods. Peak airway pressures, however, 
were significantly lower with HFPPV than IPPV: 11.3 + 
1.5 mm Hg (HFPPV-)) versus 20.3 + 2.3 mm Hg (IPPV-1) 
(p = 0.0001); 12.8 + 1.2 mm Hg (HFPPV-2) versus 23.3 + 




















Prebypass Postbypass 
Variable IPPV-1 HFPPV-1 IPPV-2 HFPPV-2 
MBP (mm Hg) 79.5 + 9.5 83.5 + 13.9 81.24 11.1 82.5 + 7.4 
MPA (mm Hg) 14.2 + 4.8 14.8 + 5.8 14.0 + 5.0 11.3 + 4.8 
CVP (mm Hg) 4.8 + 2.6 5.7 + 5.4 9.6 + 4.5 7.7 + 4.8 
PCWP (mm Hg) 10.0 + 4.4 10.1 + 5.6 14.0 + 5.0 11.3 +48 
CI (L/min/m?) 2.6 + 0.52 2.68 + 0.36 2.90 + 0.60 2.67 + 0.24 
SVRI (dyne) 2336 + 515 2308 + 341 2020 + 449 2385 + 558 
PVRI (dyne) 133 + 84 118 + 50 175 + 67 197 + 178 





* Values are given as mean + standard deviation. 


CI = cardiac index; CVP = central venous pressure; 
pressure ventilation; MBP = mean blood pressure; 
pressure; PVRI = pulmonary vascular resistance index; 


HFPPV = high-frequency positive-pressure ventilation; 
MPA = mean pulmonary artery pressure; 
SVRI = systemic vascular resistance index. 





IPPV = intermittent positive- 
PCWP = pulmonary capillary wedge 
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Table 3. Right Ventricular Performance* 
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Prebypass Postbypass 
Variable IPPV-1 HEPPV-1 IPPV:2 HEPPV-2 
RVEF 0.54 + 0.09 0.54 + 0.08 0.48 + 0.12 0.47 + 0.07 
SVI (mL/m?) 46.2 + 5.5 50.0 + 9.0 28.8 + 9.6° 30.5 + 8.4? 
RVEDVI (mL/m?) 87.2 + 14.6 86.5 + 28.4 64.0 + 18.1" 60.2 + 16.2 


a Values are given as mean + standard deviation: 


HFPPV = high-frequency positive-pressure ventilation; 
diastolic volume index; RVEF = right ventricular ejection fraction; 


2.9 mm Hg (IPPV-2) (p = 0.0001). Mean airway pressure 
was also significantly lower with HFPPV (p < 0.05). In the 
postbypass periods stroke volume index and right ven- 
tricular end-diastolic volume index differed significantly 
(p < 0.05) from the values in the prebypass periods with 
both ventilatory modes. 


Comment 


A number of methods of high-frequency ventilation 
(HEV) have been evaluated during general anesthesia and 
in intensive care units since the intrdduction of HFPPV 
into clinical practice in 1971 [1]. Recently, HFPPV and 
high-frequency jet ventilation (HFJV) have been success- 
fully used during anesthesia for bronchoscopy and laryn- 
geal and thoracic operations [6]. High-frequency ventila- 
tion has the main advantages of providing effective gas 
exchange, cardiovascular stability, and preservation of 
renal function with a significantly lower airway pressure 
[7]. Usually, HFPPV is applied at ventilatory rates of 60 to 
120 cycles/min with a small tidal volume of 2 to 4 mL/kg 
and a circuit system of low compliance. High-frequency 
jet ventilation is used at ventilatory rates of 100 to 300 
cycles/min, and delivers jets of gas through the ventilating 
catheter with resulting air entrainment. 

Recently, Northandale and colleagues [8] compared 
HEJV with conventional IPPV in 20 patients after aorto- 
coronary bypass grafting and reported that hemodynamic 
effects of HFJV without added positive end-expiratory 
pressure were comparable with those of IPPV even 
though mean airway pressure was significantly lower 
with HFJV than with IPPV. Furthermore, HFJV was 
reported to be more beneficial in dogs with right ventric- 
ular dysfunction than conventional IPPV as increased 
cardiac output and ‘decreased pulmonary vascular resis- 
tance were demonstrated with HFJV [9]. Cardiac output 
was also reported to be greater with synchronous HFJV 
than with IPPV or asynchronous HFJV in patients with 
congestive cardiomyopathy [10]. On the other hand; 
HFPPV was recommended for patients with respiratory 
failure in whom hemodynamic depression developed 
after they were treated with IPPV [11]. 

Pulmonary vascular resistance is lung volume depen- 
dent, and increasing airway pressure may increase pul- 
monary vascular resistance. During HFPPV, both lung 
volume and airway pressure are lower than in conven- 
tional IPPV. In most cases, increased pulmonary vascular 


IPPV = intermittent positive-pressure ventilation; 
SVI = stroke volume index. 


> Sipnificance: p < 0.05 (prebypass vs postbypass). 


RVEDVI = right ventricular end- 


resistance is a major factor in. causing right ventricular 
failure. When pulmonary vascular resistance is elevated, 
the right ventricle must be capable of responding to 
increased load. Sibbald and co-workers [12] reported that 
right ventricular ejection fraction was inversely related to 
mean pulmonary artery pressure and that right ventricu- 
lar end-diastolic voluime increased with increasing pulmo- 
nary artery pressure but did not correlate with central 
venous pressure. 

Right ventricular end-diastolic volume, when, deter- 
mined by the thermodilution method, is claimed to assess 
right ventricular preload more accurately than central 
venous pressure [13]. Recent studies have demonstrated 
that right ventricular function becomes increasingly im- 
portant in patients undergoing coronary artery bypass 
grafting. Isolated right ventricular failure can cause hypo- 
tension, oliguria, and death [14]. Right ventricular systolic 
performance may influence overall systemic hemodynam- 
ics in patients with congestive heart failure and modulate 
left ventricular performance in acute illness [15, 16]. 
Overdistention of the right ventricle can shift the inter- 
ventricular septum into the left ventricle and impair left 
ventricular filling [17]. During coronary artery bypass 
grafting, right ventricular function may be impaired by 
right ventricular ischemia due to coronary artery disease, 
by inadequate myocardial preservation due to inadequate 
cooling [18], by air emboli through the right coronary 
artery or vein grafts, or by acutely increased pulmonary 
vascular resistance due in part to a cardiopulmonary 
bypass effect [19]. 

Recently, conventional ventilators have been success- 
fully used for HFPPV clinically and experimentally [20]. In 
this study, we demonstrated that HFPPV provided effec- 
tive gas exchange and hemodynamic stability in patients 
having elective coronary artery bypass grafting, before 
and after cardiopulmonary bypass, when the chest was 
closed. We could not, however, demonstrate any signifi- 
cant improvement in right ventriculat performance or 
decrease in pulmonary vascular resistance with HEPPV 
compared with conventional IPPV. Nor were there signif- 
icant differences in other cardiovascular variables, oxy- 
genation, or CO, elimination despite the significantly 
lower peak inspiratory airway pressure with HFPPV. 
Surgical access may be improved during HFPPV as 
smaller tidal volumes and airway pressures reduce surgi- 
cal interference. This could be beneficial if intricate dis- 
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section of the internal mammary artery or meticulous 
hemostasis is required. 


In conclusion, the ventilator of the standard N arkomed: 


3 anesthesia machine can safely provide HFPPV in addi- 
tion to conventional IPPV. Although the surgical field 
may be improved, the lower peak airway pressures with 
HFPPV did not allow an improvement in right ventricular 
performance or pulmonary vascular resistance. 
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We réviewed the records of 732 patients with advanced - 


esophageal carcinoma to determine the efficacy of pallia- 
tive therapy. Palliative resection was performed in 156 
patients. Hospital mortality was 9.6%, 1-year survival 


` was 29.1%, and median survival was 7.8 months. Excel- 


lent or.good palliative results were obtained in 78% of 


operative survivors. Bypass procedures were performed- 


in 49 patients: hospital mortality was 20.4%, with a 
median survival of 6.2 months. Excellent or good pallia- 
tive results were obtained in 71% of operative survivors. 
Intubation of the tumor was performed in 254. patients. 
Thirty-day mortality was 10.2%, and median survival 
was 4.0 months. No patient received excellent palliation. 
Neodymium:yttrium-aluminum-garnet laser therapy or 


Gers investigators consider operation as the treatment 
of choice for esophageal carcinoma [1-3]. When tu- 
mor spread is limited and a curative resection appears to 
be possible, this philosophy is defensible and treatment- 
related mortality rates less than 5% are common [I, 4, 5]. 
In contrast, there is no agreement on the optimal treat- 
ment of patients who have more advanced disease with 
less.chance of cure. Many surgeons continue to recom- 
mend an aggressive surgical approach to both prolong 
survival and provide palliation, either by resection of the 
tumor [6] or, in patients in whom resection is technically 
impossible, through a bypass procedure [7]. Other op- 
tions include endoscopic procedures such as intubation or 
laser therapy. To evaluate surgical and endoscopic palli- 
ation in patients with incurable ésophageal carcirioma, we 
reviewed the combined experierices of the University of 
Padua and the University of Chicago. 


Material and Methods 
Patient Population 
Between 1978 and 1986, 1,232 iinselected patients with 


primary esophageal carcinoma were evaluated by the — 


Department of Surgery of the University of Padua or the 
University of Chicago. Patients with adenocarcinoma of 
the gastric cardia were excluded. Nineteen patients had 
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photodynamic therapy was performed in 50 patients. No 
procedure- -related deaths were recorded, and median 
survival was 4.1 months. Excellent or good résults were 
obtained in 83% of patients. Lesser procedurés were 
performed in 106 patients, and 117. had only staging 
examinations. Although. surgical palliation of esopha- 
peal cancer with ‘resection or bypass provides good re- 
sults, the cost is high. Improvements in palliative results 
require reduction in operative mortality, increased accu- 
racy of preoperative staging, continuing use of laser 
therapy, and increased use of chemotherapy alone or in 
combination with radiotherapy and operation. 


(Ann Thorac Surg 1989;48:267-71) 


adenocarcinoma limited entirely to the tubular esopha- 
gus, although the cause, Barrett’s epithelium or other- 
wise, was not defined. A retrospective review of hospital 
records was performed, and follow-up to December 1987 
was obtained. Data on age, sex, race, concomitant dis- 


eases, histology, site and stage of tiimor, type and intent 


of treatment, extent of lymph node dissection, postoper- 
ative complications and mortality, and evidence of recur- 
rence or metastases were specifically sought in each 
instance. Clinical and pathological staging was performed 
according to the TNM classificatioti system of the Inter- 


national Uniort Against Cancer 1987 [8]. ~ 


Statistical Analysis 

Survival statistics were calculated by the. Kaplan- -Meier 
actuarial. method. Deaths due to all causes, including 
perioperative causes, were included in the survival anal- 
ysis. The quality of palliation was evaluated according to 
the patient’ s ability to swallow and classified as follows: 
(1) excellent, able to eat a normal diet; (2) good, able to eat 
a normal diet but experiencing occasional dysphagia; (3) 
fair, able to swallow only liquids; (4) poor, severe or total 
dysphagia. . 

Resections were classified as either palliative, indicating 
that some tumor was not removed, or curative, indicating 
that all identifiable carcinoma was completely resected. In 
this sense, 505 patients (40.8%) underwent a complete 
resection with curative intent. Of the other 732 (59.2%) 
patients, 671 from Padua and 61 from Chicago, 509 were 
treated with major surgical or endoscopic procedures 
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Table 1. Palliative Procedures 





Procedure No. of Patients* 
Palliative resection 156 (21.3) 
Bypass operation 49 (6.7) 
Intubation 254 (34.7) 
Laser therapy 50 (6.8) 
Lesser procedures 106 (30.5) 
Medical treatment 117 

Total . 732 


a Numbers in parentheses are percentages. 


(Tables 1, 2), ard they are the subject of this paper. The 
remaining 223 received lesser surgical procedures (eg, 
feeding gastrostomy, dilations) or only nonsurgical treat- 
ments. 


Results 


Palliative Resections 


In 156 patients, a palliative resection, as defined by the 
inability to remove all cancer, of primary tumor alone or of 
tumor and involved lymph nodes was performed. The 
mean age was 56.8 years (range, 34 to 78 years); 123 
patients were men and 33 were women. The primary 
tumor was located in the cervical esophagus in 13 pa- 
tients, in the upper thoracic esophagus in 34, in the 
middle thoracic esophagus in 75, and in the lower thoracic 
esophagus in 34. One hundred forty-seven patients had 
squamous cell carcinoma, 4 had adenocarcinoma, 2 had 
oat cell carcinoma, 2 had adenosquamous carcinoma, and 
1 had anaplastic carcinoma. The pathological staging was 
stage II in 6 patients; stage III in 105, and stage IV in 45. 
The reasons why curative resection was not possible and 
the types of postresection reconstruction are summarized 
in Tables 3 and 4, respectively. The stomach was used for 
reconstruction in 139 patients (89.1%), and the colon and 
the jejunum were used in 11 and 4 patients, respectively. 
In 65 (76.4%) of 85 procedures with a cervical anastomo- 
sis, the esophagectomy was performed through a trans- 
thoracic approach; in the other 20 cases, a transhiatal 
esophagectomy was performed. 

There were 20 anastomotic leaks (12.8%), 19 in a cervi- 
cal anastomosis,. which were associated with marginal 
necrosis of the interposed stomach in 4 patients. Ten 


Table 2. Type of Treatment and Site of Esophageal Tumor 





Thoracic 
Treatment Cervical Upper Middle Lower Total 
Resection 13 34 75 34 156 
Bypass 3 10 24 12 49 
Intubation 1 56 126 71 254 
Laser 4 12 23 11 50 
Total 21 112 248 128 509 
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Table 3. Reason for Noncurative Resection of Esophageal 
Cancer 


Disease Status No. of Patients? 


Advanced local disease 112 (71.8) 
Tracheobronchial invasion 30 
Other 82 

Nodal metastasis 18 (11.5) 

Positive resection margin 16 (10.3) 

Liver metastases 1 (0.6) 

Other 9 (5.8) 
Total 156 


* Numbers in parentheses are percentages. 


patients required one or more reoperations; the other 10 
were treated with drainage, antibiotics, and parenteral 
nutrition. Leak-related mortality was 20.0% (4/20). In all, 
72 patients (46.1%) had postoperative complications, and 
15 of them had one or more reoperations. The hospital- 
ization time ranged from 10 to 133 days with an average of 
22.6 and a median of 17 days. The overall hospital 
mortality was 9.6% (15/156) and was similiar for patients 
in Padua (8.9%) and Chicago (16.1%) (p = NS). 

Seventy patients (44.8%) were treated with radiation 
therapy alone or with radiation therapy plus chemother- 
apy. These therapies were performed as part of different 
regimens, and evaluation is impossible. 

The actuarial survival rate of all patients, not just 
operative survivors, was 29.1% at 1 year, 8.5% at 2 years, 
and 2.9% at 3 years; median survival was 7.8 months. In 
patients receiving adjuvant therapy, survival was 44% at 1 
year, 13% at 2 years, and 5% at 3 years. In contrast, 
survival in patients receiving no adjuvant therapy was 
17% at 1 year, 7% at 2 years, and 3% at 3 years, Despite 
the disparity at 1 year, these survival rates are not 
significantly different (p = NS). 

Follow-up was available in 100 of 141 survivors between 
1 and 3 months after operation.-Of these, 41 (41%) were 
able to eat a completely unrestricted diet and were judged 
to have had excellent palliation. Good palliative results 


Table 4. Reconstruction After Palliative Resection 








Reconstruction No. of Patients* 
Cervical esophagogastrostomy 77 (49.4) 
Thoracic esophagogastrostomy 57 (36.5) 
Cervical esophagocolostomy 8 (5.2) 
Pharyngogastrostomy 5 (3.2) 
Thoracic esophagojejunostomy 3 (1.9) 
No reconstruction 2 (1.3) 
Thoracic esophagocolostomy 2 (1.3) 
Free-loop jejunum transplantation 1 (0.6) 
Pharyngocolostomy 1 (0.6) 
Total 156 





* Numbers in parentheses are percentages. 
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were obtained in 37 (37%) patients, and 14 and 8 patients 
were classified as having fair or poor results. 


Bypass Operations 


In 49 patients in whom complete resection was technically 
impossible, a bypass procedure was performed. The 
mean age was 54.1 years (range, 36 to 70 years); 42 
patients were men and 7 were women. The primary 
tumor was located in the cervical esophagus in 3 patients, 
in the upper thoracic esophagus in 10, in the middle 
thoracic esophagus in 24, and in the lower thoracic 
esophagus in 12. Results of histological examination were 
available in 47 patients; there were 40 squamous cell 
carcinomas, six adenocarcinomas, and one anaplastic car- 
cinoma. Clinical staging was available in 40 cases and was 
stage II in 23 and stage IV in 17. Distant metastases were 
detected in 8 patients. Twenty-five patients had tracheo- 
bronchial invasion, with or without an esophagorespira- 
tory fistula. 

Cervical esophagogastrostomy was performed in 37 
patients, cervical esophagocolostomy was performed in 
11 patients, and thoracic esophagogastrostomy was per- 
formed in 1 patient. The incidence of anastomotic leak or 
organ necrosis was 32.6% (16/49) and 2.1% (1/49) for 
cervical esophagogastrostomy and cervical esophagoco- 
lostomy, respectively. Major postoperative complications 
occurred in 28 patients, with an operative morbidity rate 
of 57.1%; in 15 patients, one or more reoperations were 
performed. The hospital mortality rate was 20.4% (10/49). 
Radiation therapy was used in 26 patients (53.0%), radi- 
ation therapy plus chemotherapy was used in 3 patients, 
and chemotherapy alone was used in 6 patients. As with 
the previous group, these treatments were performed 
with different regimens and evaluation is impossible: Of 
the 39 patients discharged from the hospital, 28 were 
evaluable for follow-up between 1 and 3 months after 
operation. The quality of palliation was estimated as 
excellent or good in 20 patients (71%), fair in 3 patients, 
and poor in 5 patients. Median survival was 6.2 months, 
and only 3 patients lived more than 1 year. 


Intubation 


Pulsion or traction intubation of the tumor was performed 
in 215 and 39 patients, respectively. Pulsion intubation 
was performed in sedated patients. The tumor was di- 
lated over a guidewire with Savary or Celestin dilators. 
The tube, most frequently the Celestin variety, was then 
inserted with the Savary introducer. Traction intubation 
required a general anesthetic for a laparotomy. The tumor 
was dilated through a gastrotomy, and a tube was passed 
through the mouth and then pulled into place from 
below, 

The site of the primary tumor was the upper thoracic 
esophagus in 56 patients, the middle thoracic esophagus 
in 126 patients, and the lower thoracic esophagus in 71 
patients. In 1 patient, who previously underwent laryn- 
gectomy, the tumor was located in the cervical esopha- 
gus. Histology was available in 215 patients; there were 
205 squamous cell carcinomas, eight adenocarcinomas, 
and two adenosquamous carcinomas. The clinical staging 
of these patients was stage II, 120 patients; stage III, 86 
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Table 5. Hospital Morbidity After Intubation for Esophageal 
Tumor 





Type of Intubation? 








Morbidity Pulsion (n = 215) Traction (n = 39) 
Displacement 20 (9.3) 3 (7.7) 
Obstruction 3 (1.4) 0 
Perforation 10 (4.6) 2 (5.1) 
Bleeding 3 (1.4) 1 (2.5) 

Total - 36 (16.7) 6 (15.3) 





* Numbers in parentheses are percentages. 


patients; and stage IV, 39 patients. The morbidity of these 
procedures is summarized in Table 5. Most of these 
patients were treated on an outpatient basis; the other 
patients were hospitalized for a mean of 10 days. Often 
they were treated in a terminal condition and died of 
neoplastic cachexia shortly after the procedure. The hos- 
pital mortality rate for endoluminal prosthesis placement 
was 3.1%, and the 30-day mortality rate was 10.2%. 

It is difficult to assess the quality of palliation in this 
group of patients. In fact, because of their poor general 
condition, few patients returned for follow-up. Almost all 
patients were able to swallow a liquid or a soft diet, but to 
avoid the risk of obstruction, a solid diet was never 
attempted. The actuarial survival rate was 6.6% at 1 year 
and the median survival was 4.0 months. 


Laser Therapy 

Laser therapy was performed in 50 patients: 41 under- 
went neodymium:yttrium-aluminum-garnet (Nd:YAG) 
laser therapy with a Cooper Lasersonic Model 8000, and 9 
patients were treated with photodynamic therapy. For the 
Nd:YAG laser treatments, the patient was sedated and 
the stenosis was dilated. The endoscope was then passed, 
and a retrograde technique was used with the laser beam 
(power setting, 20 to 100 W) directed circumferentially. 
For photodynamic therapy, an argon-dye laser, Meditec 
MDS Model 90, was used. Hematoporphyrin was admin- 
istered intravenously at 5 mg/kg; 48 hours later, a quartz 
waveguide fiber was passed through an endoscope and 
the tumor was irradiated. 

The ages ranged from 46 to 79 years with an average of 
65 years; 42 patients were men and 8 were women. In 23 
patients, the contraindication to operation was tumor 
related: advanced local disease in 14 patients, lymph node 
involvement in 5 patients, liver metastases in 2 patients, 
and other causes in 2 patients. In the other 27 patients, 
operation was not performed due either to poor general 
condition alone or to poor general condition and concom- 
itant diseases. The primary tumor was located in the 
cervical esophagus in 4 patients, in the upper thoracic 
esophagus in 12, in the middle thoracic esophagus in 23, 
and in the lower thoracic esophagus in 11 patients. In 49 
patients the histology of the tumor was squamous cell 
carcinoma; in the remaining patient the histology was 
adenocarcinoma. 

In the 41 patients treated with the Nd:YAG laser, the 
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Table 6. Therapy Complications of Neodymium: Yttrium- 
Aluminum-Garnei Laser in 41 Patients 








Complication Early Late 
Perforation 3 
Bleeding 1 1 
Tracheobronchial fistula nates 2 
Mediastinal fistula 

Total 4 (9.7%) 4 (9.7%) 





mean length of the stenosis was 6.3 cm (range, 1 to 12 cm) 
and the mean diameter was 6.5 mm (range, 2 to 9 mm). 
The mean improvement in diameter after treatment was 8 
mm. Tumor dilation with the retrograde laser technique 
was used in almost all patients. The average number of 
treatments for each patient was 3.1 (median, 3) and 
ranged from one to 17 with four early (9.7%) and four late 
complications (¢.7%) (Table 6). In 30 patients available for 
follow-up, the quality of palliation was evaluated as 
excellent or good in 25 patients (83.3%) and fair in 5. 
There were no poor results, and median survival was 4.1 
months. Of the 9 patients treated with photodynamic 
therapy, the mean tumor length was 5.2 cm (range, 2 to 9 
cm), and 7 patients received only one laser treatment. 
Only 4 had a serious esophageal stenosis, and in 3 good 
palliation of dysphagia was observed. No complications 
were recorded in the patients treated with photodynamic 
therapy. 


Comment 


Because carcincma of the esophagus is typically advanced 
at the time of diagnosis, treatment is usually palliative and 
is associated with one of the lowest survival rates of all 
solid-tumors. In contrast to the Japanese experience [9], in 
the Western world early detection is unusual. Treatment 
is widely debated, and perhaps for no other malignancy is 
there so much disagreement. For many surgeons pallia- 
tion of dysphagia is the only reasonable therapeutic goal 
[10], and even aggressive surgeons recognize that only 
patients with relatively limited disease, as determined by 
preoperative and intraoperative staging, are candidates 
for extensive, curative operations [11]. 

This report contains an amalgam of patients from two 
institutions. Our motive is to present a sufficiently broad 
experience so that some insight into all palliative options 
may be obtained. This is obviously not a prospective 
study and cannot be thought to prove the superiority of 
any single approach. Rather, it is a retrospective analysis 
that does provide results, of different therapeutic options, 
that can be used in formulating therapeutic strategies. 

A variety of procedures are used to palliate the patient 
whose disease is too extensive for curative therapy or 
whose physiological condition is too poor to permit ex- 
tensive operation. The intent of palliative treatment is to 
mitigate or improve the major symptoms and delay re- 
lated complications due to disease progression. The treat- 
ment should be as simple as possible, with minimal 


Ann Thorac Surg 
1989;48:267~71 


morbidity and mortality, to allow patients to remain 
outside the hospital and enjoy their short life span. The 
selection of the method of palliation is difficult because no 
technique is suitable for all patients. The choices depend 
on the site and extent of the tumor, the experience and 
aggressiveness of the physician, and the quality of life 
desired by the patient. 

Palliative resection, when technically possible, is be- 
lieved by many surgeons not only to provide the best 
palliation but to be the treatment of choice for all patients 
with esophageal carcinoma [5, 6]. Palliation means relief 
not only of dysphagia but also of sepsis, hemorrhage, 
tendency to pulmonary aspiration, and risk of fistuliza- 
tion into the tracheobronchial tree, which can be achieved 
surgically only by esophagectomy [6]. Unfortunately, 
comparison of the reported results of palliative esoph- 
agectomy is very difficult. The intent, curative or pallia- 
tive, of a procedure is inevitably subjective, and few 
surgeons separate their procedures according to complete 
versus incomplete cancer removal. In some series, there is 
no division [5, 65], whereas in others the resections are 
termed “real curative,” “probably curative,” “palliative,” 
and “cleaning procedures” [12]. Because different results 
are obviously expected in patients with early versus 
advanced disease, higher operative mortality rates and 
worse results occur when esophagectomy is routinely 
performed than when only candidates for a curative 
procedure are treated. In our series, surgical resection was 
used as a palliative treatment in 23.6% (156/661) of re- 
sected patients. Most patients treated with palliative re- 
section were in good general condition and were believed 
to be candidates for curative operation on the basis of 
preoperative staging. The decision to perform palliative 
esophagectomy was made intraoperatively, when a com- 
plete resection was impossible. This group has the most 
favorable prognosis in our series from the standpoint of 
surgical risk. It is therefore difficult to determine if their 
better survival as compared with that of patients receiving 
alternative palliative procedures is due to more effective 
surgical therapy or to a better general preoperative status. 
In this group with relatively favorable prognosis, morbid- 
ity and mortality rates were not inconsiderable, 46.1% and 
almost 10%, respectively. On the other hand, although 
the median survival was only 7.8 months, ability to 
swallow was excellent or good in nearly 75% of evaluable 
patients and poor in only 7%. 

From these data, it is difficult to draw absolute conclu- 
sions. Palliative resection improves the quality of life but 
does not greatly prolong survival and carries relatively 
high morbidity and mortality rates. The improving results 
of alternative treatments such as laser therapy and the 
combination of chemotherapy and radiation therapy [13- 
15] may soon prove these modalities, alone or in combi- 
nation with operation, to be preferable to palliative resec- 
tion alone. 

The rationale for esophageal bypass is to relieve dys- 
phagia with a simple operation, avoiding the morbidity of 
a thoracotomy and an intrathoracic esophageal anastomo- 
sis. These procedures are performed when resection is 
technically impossible and the surgical risk for the patient 
is not unreasonable. Although some surgeons report 
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good results (7], operative mortality rates are highest of all 
palliative procedures performed for esophageal carci- 
noma, ranging from 24.0% [16] to 41.5% [17]. On the 
other hand, the quality of palliation in survivors is good 
and similar to that achieved in the group of palliative 
resections. 

In light of these high morbidity and mortality rates, we 
believe that a bypass can be considered only when a 
malignant respiratory fistula is present. Intubation pro- 
vides only fair or poor palliation of this devastating 
complication, as the fistula is usually not totally occluded. 
Whenever the patient's general condition is still relatively 
good and there is no evidence of distant metastases, an 
esophageal bypass can provide good palliation [18]. De- 
velopment of a malignant respiratory fistula has a major 
influence on survival in patients with esophageal carci- 
noma, and such patients have a median survival of 4 to 5 
months if the fistula is controlled [18]. 

Endoscopic intubation of the tumor can be performed 
with a short hospitalization or on an outpatient basis [19]. 
Because general anesthesia is not necessary, intubation is 
particularly useful in high-risk patients. Our relatively 
high 30-day mortality rate of 10.2% is explained by the 
preterminal condition of most of these patients; death is 
rarely procedure related. On the other hand, implantation 
of a tube does not always satisfactorily improve the 
quality of the patient’s life. It allows only a liquid or 
semiliquid diet and is technically impossible when the 
tumor extends within 4 cm of the cricopharyngeal sphinc- 
ter or when deviation of the esophageal axis is present at 
the gastroesophageal junction. This procedure represents 
a simple method of restoring a partial ability to swallow in 
preterminal patients in poor general condition. 

Our results with endoscopic laser treatment are encour- 
aging and comparable with previous experiences [20, 21]. 
This procedure has a low mortality and morbidity rate and 
requires only brief hospitalization. The palliation of dys- 
phagia is better than that achieved by intubation; how- 
ever, restenosis occurs within 6 weeks, requiring repeated 
treatments. The procedure can be performed in combina- 
tion with other therapies. In a series of 93 patients treated 
by a combination of Nd:YAG laser therapy and intracav- 
itary radiation, there was a 12.2% incidence of complica- 
tions, a 2.1% mortality rate, and a median survival of 7.4 
months, with 71% of the patients free of dysphagia until 
their death [15]. Endoscopic Nd:YAG laser therapy is an 
effective palliative modality, and more innovative proto- 
cols involving chemotherapy and radiation therapy are 
needed. 

In conclusion, all possibilities should be considered for 
patients with incurable esophageal carcinoma to provide 
the best quality of life with the minimum risk of compli- 
cations. The morbidity and mortality rates of palliative 
resection do not support this procedure as a systematic 
palliative approach for all patients: it should be performed 
only when incurable disease is not identified until opera- 
tion. When incurable or unresectable disease is found 
preoperatively, alternative treatments, such as intracavi- 
tary irradiation, radiotherapy, chemotherapy, and laser 
therapy can achieve comparable survival rates, as well as 
quality of palliation, with less morbidity and mortality. 
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The risks of an esophageal bypass should be accepted 
only when an esophagorespiratory fistula exists and no 
other realistic alternatives are available. 
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We evaluated 36 patients during active hemoptysis and 
compared the diagnostic yield of different procedures. 
Twenty-seven patients (75%) had one or more previous 
episodes of hemoptysis, most of which were not mas- 
sive. Fiberoptic bronchoscopy was performed in 25 pa- 
tients, and the bleeding site was identified in 17 (68%). 
The likelihood of localizing the bleeding site was signif- 
icantly higher with early versus delayed fiberoptic bron- 
choscopy (91% versus 50%). Bronchial arteriography was 


Ov of the most demanding diagnostic problems is 
identification of the bleeding site for surgical con- 
trol of massive hemoptysis. Occasionally, only the hem- 
orrhaging lung can be localized, but this is of little value 
when one performs pulmonary resection. Early diagnostic 
procedures mav increase the likelihood of identifying the 
bleeding site. We reviewed the management of 36 pa- 
tients during active hemoptysis, with particular attention 
to evaluating the efficacy of various diagnostic modalities. 


Material and Methods 


Thirty-six hospitalized patients with hemoptysis of non- 
neoplastic origin were studied between January 1979 and 
December 1984. There were 29 men and 7 women with a 
mean age of 51 years. 

Fourteen patients had bronchiectasis, 12 exhibited se- 
quelae to tuberculosis, and 4 had active tuberculosis 
(positive sputum culture). Two other patients had arterio- 
venous fistula and silicosis, respectively. In the remaining 
4 patients, the underlying disease was unknown. 

Three patients bled more than 600 mL/24 h; 9 patients 
had losses between 300 and 600 mL/24 h, and 10 had 
losses between 100 and 300 mL/24 h. The daily quantity of 
hemoptysis could not be estimated in 14 patients. Distri- 
bution of patients according to cause of hemoptysis and 
quantity of bleeding is presented in Table 1. 

Twenty-seven patients (75%) had one or more previous 
episodes of hemoptysis, most of which were not massive. 
In all cases, a selective bronchial artericgraphy was per- 
formed with 6F to 7F catheters and noncsmotic hydrosol- 
uble iodine contrast agent. “Positive” arteriographies 
were those in which the pathological findings were lim- 
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performed in all 36 patients; positive arteriographies 
were observed in 20 cases (55.5%). Arteriography was 
positive in only 2 of the 8 cases in which fiberoptic 
bronchoscopy did not localize the site of bleeding. Bron- 
chial artery embolization was successfully performed in 
10 patients. However, the bleeding recurred within the 
first week after embolization in 2 patients, and 1 of them 
died. 

(Ann Thorac Surg 1989;48:272-4) 


ited to only one pulmonary lobe. In 10 patients with 
severe hemoptysis at the time of arteriography in whom 
the bleeding site was accurately identified because of 
extravasation of contrast medium and/or the presence of 
bronchopulmonary shunts (7 patients), and/or hypertro- 
phy and hypervascularization of the bronchial artery (3 
patients), embolization was performed using a fibrin 
sponge. Anterior spinal arteries were never visualized. 

In 25 patients, fiberoptic bronchoscopy was performed 
under local anesthesia with the Olympus model BFB3. 
Bronchoscopic examination was considered positive only 
if it identified the lobe or segment from which the bleed- 
ing originated; it was considered negative when only the 
side of bleeding was localized or when bilateral or unilat- 
eral blood remnants without persistent hemorrhage in 
either lobe were observed. Early fiberoptic bronchoscopy, 
ie, within 24 hours after the onset of hemoptysis, was 
performed in 11 patients. In the remaining 11 patients, 
fiberoptic bronchoscopy was not performed because of 
technical difficulties, excessive delay after bleeding had 
subsided, or patient’s refusal. A complete bronchographic 
examination was performed in 8 patients. In addition, 
chest roentgenograms were evaluated in all cases. 


Results 


Fiberoptic Bronchoscopy 

In 17 patients (68%), the bleeding site was identified by 
fiberoptic bronchoscopy. In 13 of 17 patients with positive 
bronchoscopic examination, the bleeding site coincided 
with the suspicious image on the chest roentgenogram. 
The likelihood of localizing the bleeding site was signifi- 
cantly higher with early versus delayed fiberoptic bron- 
choscopy (91% versus 50%) (Table 2). 


Bronchial Arteriography 
Bronchial arteriography was considered abnormal when 
hypervascularization, vascular hypertrophy, aneurys- 
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Table 1. Distribution of Patients According to Cause and 
Quantity of Hemoptysis 


Blood Loss (mL/h) 
Non- 
measur- 

Cause >600 300-600 <300 able Total 
Active tuberculosis 2 Sees 2 ie 4 
Sequelae to tuberculosis ... 5 2 5 12 
Bronchiectasis 1 2 4 7 14 
Arteriovenous fistula 
Silicosis exam aes 1 wakes 
Unknown ae 1 1 2 

Total 3 9 10 14 36 





matic and angiomatous formations, bronchopulmonary 
fistulas, and bronchial extravasation of the contrast agent 
were observed. 

Abnormal arteriographies were observed in 31 of 36 
patients (86%), but arteriography was considered “pos- 
itive” in only 20 patients (64.5%). Seven of the nine early 
arteriographic examinations performed within 24 hours 
after the onset of hemoptysis were positive. 


Correlation Between Bronchoscopy and Arteriography 
When positive arteriographies were compared with chest 


` roentgenograms, the affected area was strictly coinciden- 


tal in 16 cases; thus, in these cases, the bronchial arteri- 
ography did not identify a bleeding site different from that 
suspected by chest roentgenogram. 

Arteriographic and bronchoscopic findings coincided in 
11 of the 17 patients in whom the bleeding site was 
identified by fiberoptic bronchoscopy. Of the 6 noncoin- 
cidental cases, a normal arteriography was demonstrated 
in 3, bilateral abnormal arteriographic findings were dem- 
onstrated in 2, and unilateral abnormal arteriographic 
firidings affecting the whole lung were demonstrated in 1. 

Arteriography was positive in only 2 of the 8 patients in 
whom fiberoptic bronchoscopy did not localize the site of 
bleeding. In the remaining 6 patients, arteriographic find- 
ings were pathological (bilateral in 5 and unilateral in 1). 

Bronchial arteriography performed in the 25 patients 
who also underwent fiberoptic bronchoscopy proved to 
be a useful diagnostic tool before operation in only 2 
patients (Table 3). 


Bronchography 
Bronchographic examination was also performed in 4 of 
the 17 patients in whom fiberoptic bronchoscopy identi- 
fied the site of bleeding. In 2 of these 4 patients, broncho- 
scopic, bronchographic, and arteriographic findings coin- 
cided; in the other 2 patients with noncoincidental data, 
bronchial arteriography was negative. 

Bronchography was useful in localizing the site of 
bleeding in 4 of the 8 patients with negative fiberoptic 
bronchoscopy. In these 4 patients, arteriographic findings 
were abnormal, although “negative.” 
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Table 2. Results of Fiberoptic Bronchoscopy in 25 Patients 





- With Hemoptysis 
Time of Bronchoscopy 
Early Delayed 
Result : (n= 11) (n = 14) 
Active bleeding observed 10 (91%) 7 (50%) 
Side localized 1 7 


Comment 


Clinical signs useful for determination of the severity of 
hemoptysis are not easy to establish. Quantitative criteria 
for defining arbitrarily the timing of operation in patients 
with active hemoptysis vary between 240 and 600 mL/24 h 
to as much as 1,000 mL/8 days [1-8]. In most of the 
present patients it was difficult to assess bleeding rates 
before admission to the hospital. Only 3 patients in this 
series bled more than 600 mL in 24 hours [9]. The patients 
who underwent operation were those who bled uninter- 
ruptedly during the next 24 hours after admission, who 
had rapid flooding of the tracheobronchial tree after the 
initial bronchoscopy and washings, or those with both 
conditions. 

Bronchial arteriography was particularly valuable in the 
10 cases in which embolization procedure was feasible. In 
these the purposes of bronchial artery embolization were 
to achieve immediate control of bleeding and to improve 
clinical conditions for a prospective operation. According 
to other investigators (2, 3, 6], the safe period of time 
before revascularization after bronchial artery emboliza- 
tion is approximately 4 weeks, with a 22.2% to 71% rate of 
recurrent bleeding. In our series, however, the bleeding 
recurred within the first week after embolization in 2 
patients, and 1 of them died. 

Bronchial arteriography identified the bleeding site in 
55.5% of patients, whereas fiberoptic bronchoscopy 
achieved the same result in 68% of patients. Arteriogra- 
phy was useful in only 2 of the 8 patients with negative 
bronchoscopic findings. In the remaining 23 patients, 
arteriography did not lead to a change in the prefiberoptic 
bronchoscopy diagnoses. Therefore, we consider the 
main advantage of angiography to be in the context of 
bronchial artery embolization. Patients should be referred 
for embolization after clinical and endoscopic evaluation. 

Bronchographic examination cannot be performed dur- 
ing the acute bleeding episode. In the present study, 


Table 3. Correlation between Fiberoptic Bronchoscopy and 
Bronchial Arteriography in 25 Patients 





Results of Bronchoscopy 





Results of 

Arteriography Positive Negative 

Positive 11 2 

Negative 6 6 
Total 17 8 
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bronchography yielded more diagnostic information than 
a delayed bronchial arteriography. Therefore, the indica- 
tion of arteriography in the remission period does not 
appear to add any additional information to that obtained 
by bronchographic examination. 

Endoscopic and arteriographic findirigs frequently co- 
incided with the “suspicious” areas already detected on 
chest roentgenograms. Our results are comparable with 
those reported by Fellows and associates [1] in 6 patients 
with cystic fibrosis and massive hemoptysis; in most 
cases, the combination of chest roentgenograms and 
fiberoptic bronchoscopy is considered potentially diag- 
nostic for bleeding site and treatable surgical approach. — 


We thank Dr Marta Pulido for copyediting. 
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Symptomatic Visual Deficits After Open 


Heart Operations 
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Symptomatic visual deficits occurred in 4 patients in a 
series of 700 open heart operations performed by one of 
us (D.M.S.). The causes of these deficits were retinal 
emboli, occipital lobe infarction, and anterior ischemic 
optic neuropathy. The pathophysiology and clinical pre- 
sentation of these complications are discussed, and pre- 
vious reports of postoperative visual complications are 
reviewed. 

(Ann Thorac Surg 1989;48:275-9) 


Nee deficits are serious and not infrequent 
complications of open heart operations. These in- 
clude injuries of the brachial plexus and peripheral 
nerves, the cranial nerves, and the central nervous system 
[1-6]. Of the latter, visual deficits are uncommonly re- 
ported despite evidence that the eye and visual pathways 
may be sites within the central nervous system most 
frequently affected by open heart operations [1]. This 
discrepancy results from the effect of medications and the 
intensive care environment on the perception of visual 
loss, the lack of careful preoperative and postoperative 
ocular examinations, and the often silent nature of the 
injury. 

In a retrospective survey of 700 adult patients who 
underwent open heart operations, including coronary 
artery bypass grafting and valve replacement procedures, 
and who were operated on by one of us (D.M.S.), 4 
patients had symptomatic postoperative visual deficits. 
The cause of the visual loss in these patients is presented, 
together with a review of the literature describing these 
complications. 


Case Reports 


Patient 1 


A 71-year-old woman had critical aortic stenosis and an 
80% blockage of the left main coronary artery. Because of 
unstable angina, the patient underwent placement of an 
intraaortic balloon pump, followed by urgent aortic valve 
replacement and triple-vessel coronary artery bypass 
grafting. In the immediate postoperative period, pro- 
found low cardiac output syndrome developed that re- 
quired support with multiple inotropic agents. 
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At the time of extubation on the fourth postoperative 
day, the patient reported a profound visual defect in the 
left eye and some loss of vision in the right eye. There 
were no other neurological deficits. A computed tomo- 
graphic scan of the brain showed generalized cortical 
atrophy but no evidence of an infarct. Noninvasive stud- 
ies of the carotid arteries revealed no stenotic lesions. 
Ophthalmologic evaluation revealed bilateral ischemic 
optic neuropathy and retinal emboli to the left eye. The 
patient recovered completely from the cardiac operation 
but had no improvement of the visual deficit. The patient 
has adapted well to the near-total visual loss in the left eye 
and leads a normal life 2 years aftér operation. 


Patient 2 


A 60-year-old man had a 2-month history of crescendo 
angina and a markedly positive exercise tolerance test. 
Cardiac catheterization revealed an 80% obstruction of the 
left main coronary artery and 100% obstruction of the 
right coronary artery. Triple-vessel coronary artery bypass 
grafting was performed. l 

On the second postoperative day, the patient noted an 
altitudinal defect, affecting the superior portion of the 
visual field, in the right eye. Noninvasive studies of the 
carotid arteries and a computed tomographic scan of the 
brain were performed, and findings were normal. The 
results of ophthalmologic evaluation were consistent with 
a diagnosis of nonarteritic ischemic optic neuropathy. No 
change in visual field deficit has occurred at 11 months 
follow-up. 


Patient 3 


A 67-year-old man had a previous history of inferior 
myocardial infarction and recent development of cre- 
scendo angina. Past medical history was remarkable for a 
transient ischemic attack manifested by brief right-hand 
clumsiness, which occurred 5 months before operation. 
Noninvasive studies of the carotid and subclavian arteries 
performed at that time demonstrated only mild abnormal- 
ities of the right external carotid artery. 

Cardiac catheterization revealed left main coronary ar- 
tery disease, and the patient underwent quadruple-vessel 
coronary artery bypass grafting. On the third day after 
operation, the patient complained of blurring of vision in 
the left eye. Ophthalmologic examination revealed a left 
homonymous hemianopia consistent with a lesion poste- 
rior to the optic chiasm. Noninvasive studies suggested 
plaque in the left carotid artery but no clinically significant 
stenoses. A computed tomographi¢ scan of the brain 
revealed a small infarct in the right occipital lobe. An 
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echocardiogram of the heart revealed good left ventricular 
function and no evidence of clot. The patient was given 
aspirin and dipyridamole after operation and had no 
further ocular or neurological difficulties. His cardiac 
condition has been stable for 4 years, but he has a 
persistent left homonymous hemianopia. 


Patient 4 


A 67-year-old man had a history of crescendo angina and 
a positive exercise tolerance test. Physical examination 
revealed no evidence of carotid bruits. Cardiac catheter- 
ization revealed severe triple-vessel coronary disease, and 
coronary artery bypass grafting was performed. 

The patient was somewhat agitated during the first 2 
days after operation. Recurrent atrial and ventricular 
arrhythmias were treated with lidocaine, digoxin, pro- 
pranolol hydrochloride (Inderal, Ayerst Laboratories, 
New York), and quinidine. On. the third postoperative 
day, he complained of blurred vision. Ophthalmologic 
examination revealed a retinal infarct, probably asympto- 
matic, as well as a left superior homonymous quadran- 
tanopia. Because the patient had arrhythmias, the possi- 
bility of an embolus from the heart was considered. An 
echocardiogram revealed good ventricular contraction 
and no evidence of a clot. The patient was treated with 
blood transfusions to raise the hematocrit from 21% to 
30%, and anticoagulation was accomplished with sodium 
warfarin (Coumadin, Du Pont Pharmaceuticals, Wilming- 
ton, DE). A computed tomographic scan of the brain 
revealed a probable right occipital infarct. The patient was 
discharged from the hospital and was stable for 6 months 
with no cardiac symptoms and with gradual adjustment 
to the visual field deficit. He subsequently died of cerebral 
hemorrhage. 


Comment 


Neurological complications after cardiopulmonary bypass 
have numerous potential causes [1, 3, 4, 7, 8]: 


Emboli 
Cardiopulmonary bypass circuit debris 
Platelet fibrin emboli 
Air 
Fat 
Left ventricular thrombus 
Ascending aorta atheroma 
Valve 
Vegetation 
Thrombus 
Calcium 
Cerebral hypoperfusion 
Preexisting cerebrovascular disease 
Hypotension 
Low flow 
Hypoxemia 
Anemia 
Cannula placement 


The effects of these factors may be accentuated by preex- 
isting cerebrovascular disease. 
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The reported incidence of neurological dysfunction 
after open heart operations is proportional to the care 
with which these complications are sought. Some careful 
prospective studies reveal an overall incidence of neuro- 
logical complications of 61% to 65% [1, 2] after coronary 
bypass grafting. However, many of these findings are 
minor, including drowsiness, peripheral nerve deficits, 
primitive reflexes, and subtle neuropsychiatric dysfunc- 
tion. Such complications are usually of minor clinical 
significance and of limited duration [1, 2, 5, 6, 8]. Serious, 
clinically evident central nervous system complications 
resulting in death or major disability occur in 1% to 2.4% 
of patients [1, 3, 4, 8]. These complications have increased 
in recent years in proportion to the increasing age of the 
patient population undergoing open heart operations [4]. 

Among the most common central nervous system def- 
icits after open heart operations are those involving the 
eye and the visual pathways. The three most commonly 
reported vision-threatening complications are those we 
observed in our series: retinal emboli, occipital infarct, 
and ischemic optic neuropathy [1, 7-16]. 


Retinal Emboli 


The retina is considered to have “end arteries” with only 
limited connection between the retinal and choroidal 
vessels at the disc [17]. The central retinal artery is a 
branch of the ophthalmic artery, which in turn originates 
from the carotid artery. Occlusion of the central retinal 
artery produces painless monocular blindness. Occlusion 
of only a branch of the artery results in a limited field 
defect or blurred vision. Ophthalmoscopic examination in 
such patients reveals a milky white, edematous, pale 
retina or segment of retina, often with a cherry-red spot at 
the macula, resulting from visualization of the normal- 
appearing choroid surrounded by edematous retina [18, 
19]. The arteries may appear narrowed, with fragmenta- 
tion of the blood column. 

Early studies of the effects of cardiopulmonary bypass 
and open heart operations on the retina were undertaken 
almost two decades ago. Williams [15] performed careful 
examinations of the fundi in 7 patients before and after 
they underwent open heart operations. All patients had 
evidence of microembolization or retinal microinfarction. 
The emboli were believed to consist of blood elements, 
platelet-fibrin aggregates, cholesterol, fat, and silicone 
antifoam [15, 16]. In the prospective study of Gutman and 
Zegarra [7], 4% of 100 patients who underwent coronary 
bypass had evidence of focal retinal ischemia, but none 
had permanent visual loss. 

More recent studies have confirmed that retinal micro- 
embolization continues to result from open heart opera- 
tion despite advances in arterial filtration and extracorpo- 
real circulation. In the prospective study by Shaw and 
co-workers [1] of 312 patients who underwent coronary 
artery bypass grafting, retinal findings were common, 
including cotton-wool spots indicative of retinal infarction 
in 17% of the patients. Half of these patients had symp- 
tomatic visual disturbances. Retinal emboli were detect- 
able in 2.6% of patients, half of whom were symptomatic. 
Breuer and associates [8], in a prospective neurological 
study of 421 patients who underwent bypass grafting, 
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noted a 5% incidence (24 events in 22 patients) of central 
nervous system infarction. Approximately one third of 
these infarctions involved either the optic nerve (2 pa- 
tients) or retinal vessels (5 patients). 

In the most detailed study to date, Blauth and associ- 
ates [9] performed fluorescein retinal angiography in 21 
patients five minutes before termination of cardiopulmo- 
nary bypass. Evidence of retinal microvascular occlusion 
was found in all patients, and cotton-wool spots indica- 
tive of local retinal ischemia subsequently developed in 
9.5%. Most of these occlusions underwent partial reper- 
fusion within 30 minutes after discontinuation of cardio- 
pulmonary bypass; eight days after operation, only 12.5% 
of the patients had persistently occluded vessels. No 
correlation with duration of cardiopulmonary bypass or 
use of a 40-um mesh arterial filter was found. Only 1 of 21 
patients had a clinically perceptible change in visual 
acuity, and this was minimal. In concomitant canine 
experiments, histological studies of the retina after cardio- 
pulmonary bypass revealed 20- to 70-um platelet—fibrin 
microaggregates in 78% of the subjects studied [9]. These 
studies corroborate previous evidence that retinal embo- 
lization is common after open heart operations but that it 
is most often transient and asymptomatic. l 


Occipital Infarction 


Ischemic infarction involving the central visual pathways, 
particularly the occipital cortex, may produce a homony- 
mous hemianopia [7, 20] unless the injury is bilateral, in 
which case it may produce “cortical blindness.” Specific 
characteristics of the field defect, such as degree of con- 
gruity, may yield further localizing information, which 
can be corroborated by other physical findings, electroen- 
cephalography, and computed tomographic scan of the 
brain. Such infarctions may result from air or particulate 
emboli or from generalized hypoperfusion in “wa- 
tershed” areas. 

Taugher [11], in a series of 808 patients undergoing 
open heart operations, reported 10 patients who experi- 
enced visual loss ranging from central and paracentral 
scotomas to homonymous hemianopia to total cortical 
blindness. Four of these 10 patients had associated hemi- 
paresis. The cause of the visual loss in each patient, as 
determined from a brain scan, was occipital cortical in- 
farct. Shaw and associates [1], in their prospective study 
of 312 patients who underwent bypass grafting, reported 
an overall rate of cortical stroke of 5%; half of these 
patients had a visual defect alone or in conjunction with 
other neurological findings. The defects ranged from 
quadrant defects and hemianopia to cortical blindness. 
Russell and Bharucha [10] described 4 patients who sus- 
tained bilateral parietal occipital ischemia after cardiac 
operations, leading to cortical blindness. This was be- 
lieved to result from generalized cerebral hypoperfusion 
in the border zone areas between the distributions of the 
middle and posterior cerebral arteries, not from emboli. 
Vision improved within 6 weeks, and good visual acuity 
was regained by all patients, although 1 patient still had a 
homonymous hemianopia. 
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Anterior Ischemic Optic Neuropathy 


Anterior ischemic optic neuropathy is the least well un- 
derstood ocular complication of open heart operations. 
Even in the more common noncardiac surgical presenta- 
tions, the cause and pathophysiology of anterior ischemic 
optic neuropathy are controversial. This condition has 
been reviewed extensively by Hayreh [21] and Miler [22] 
and is believed to result from interruption of the blood 
supply to the optic nerve head. The nerve head anterior to 
the lamina cribrosa and the laminar portions of the nerve 
head are supplied by branches of the posterior ciliary 
artery [22]. Ischemia in this distribution leads to infarction 
of the retrolaminar and laminar portions of the optic 
nerve. Variable amounts of pial and central retinal artery 
collaterals may explain why ischemic optic neuropathy 
develops in some patients and does not under similar 
circumstances in others [22]. It has also been observed 
that patients with anterior ischemic optic neuropathy 
have little or no physiological cupping of the optic disc. 
This is correlated developmentally with a small scleral 
canal. Under conditions of mild ischemia and resulting 
edema, the axons in such patients may be more crowded 
than in others, further contributing to capillary compres- 
sion and ischemia [23]. 

Anterior ischemic optic neuropathy has been observed 
in patients with hypertension, arteriosclerosis, diabetes, 
chronic migraine, vascular occlusive disease, and various 
hematologic disorders [12, 13, 22]. A most interesting and 
well-known association has been found with blood loss 
from the gastrointestinal tract or uterus [21]. The optic 
neuropathy may occur immediately after the event or may 
be delayed for weeks. The etiology of optic nerve head 
ischemia in such instances is multifactorial and mav 
include both hypotension and anemia. Hayreh [21] be- 
lieves that a central unifying element of the pathophysi- 
ology is a high circulating level of sympathetic amines. 
This results in vasoconstriction of the posterior ciliary 
arteries and of peripapillary choroidal vessels supplying 
the optic nerve. The vascular effect of these sympathetic 
amines is enhanced by the absence of an effective blood- 
optic nerve head barrier. All these factors—anemia, hy- 
potension, and high levels of sympathetic amines—are 
present in varying degrees in most patients who undergo 
open heart operations. 

Furthermore, in a prospective study of 24 patients, 
Larkin and associates [24] reported that intraocular pres- 
sure increased appreciably, coincident with hemodilu- 
tion, during cardiopulmonary bypass. These investigators 
theorized that the combination of increased intraocular 
pressure and decreased arterial perfusion pressure to the 
optic nerve head increased the risk of anterior ischemic 
optic neuropathy. In another more recent prospective 
study of 46 patients, Deutch and Lewis [25] demonstrated 
that intraocular pressure in the immediate postoperative 
period was often appreciably elevated for as long as three 
days. 

Clinically, patients with anterior ischemic optic neurop- 
athy experience sudden painless visual deficit. This varies 
in severity from a slight decrease in visual acuity to no 
light perception. The most characteristic visual field defect 
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is an altitudinal scotoma, usually inferior. Arcuate and 
central scotomas may also occur. Visual acuity within the 
retained visual field may be normal [22]. Examination of 
the eye reveals a swollen and, usually, pale disc, which 
may be associated with retinal hemorrhage or cotton-wool 
spots. As the acute ischemic insult resolves, optic atrophy 
is noted. Anterior ischemic optic neuropathy may be 
bilateral, and the symptoms may appear synchronously 
or metachronously [22]. The condition generally occurs in 
patients aged more than 50 years, and both men and 
women are equally affected. Visual function rarely im- 
proves. 

Three reports nave specifically discussed anterior isch- 
emic optic neurcpathy occurring after open heart opera- 
tions. Sweeney end associates [13] reported 7 patients in 
whom this complication developed within a 3-year pe- 
riod, which represented 0.1% of the open heart surgery 
population at their institutions. Ages ranged from 44 to 61 
years. All 7 patients noted their symptoms immediately 
after operation or as soon as they had recovered suffi- 
ciently to communicate. Three patients had preexisting 
diabetes, 3 patients had hypertension, and 4 patients had 
intraoperative hemorrhage and hypotension. No evi- 
dence of arteritis and no evidence of other systemic or 
retinal emboli were found. Findings of computed tomo- 
graphic scans of the brain were normal in 5 of the 
patients, and 1 patient had a coexisting parietal temporal 
infarct. Sweeney and associates suggested the role of 
complement-activated vasoconstriction and microcircula- 
tory “sludging” from hypothermia as possible etiological 
factors. Tice [12] described 3 cases of anterior ischemic 
optic neuropathy occurring abruptly four to six days after 
open heart operation in patients who were profoundly 
anemic (hematocrit, 15% to 20%). These neuropathies 
apparently resulted in permanent blindness. Tomsak [26] 
reviewed 2 cases associated with bypass grafting and 
suggested emboli, including some to the optic nerve itself, 
as a possible cause of anterior ischemic optic neuropathy. 


Prevention 


Postoperative visual complications may result from em- 
bolization of air or particulate debris, from nonembolic 
hypoperfusion of the central nervous system, or from 
ischemia of the optic nerve. Because no satisfactory treat- 
ment exists for any of the described forms of visual loss 
after open heart operation, prevention is essential. Al- 
though hypertension, diabetes, hypercholesterolemia, 
and a history of preexisting cerebrovascular disease 
would appear to be predisposing factors, many patients 
who undergo cardiac operation have such conditions. In 
our experience, we have not been able to identify any 
common etiological factors. 

Reducing the incidence of macroembolization and mi- 
croembolization requires meticulous attention to surgical 
technique. The aorta should always be palpated before 
aortic cannulation to assess the presence of calcium in the 
wall, particularly if calcium is observed on preoperative 
chest roentgenagraphy or cardiac catheterization. We use 
a “no-clamp” technique for aortic cannulation and decan- 
nulation, and pump flow is reduced during any subse- 
quent application of clamps to the aorta. In patients with 
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diseased aortas, some soft area for aortic cannulation can 
usually be identified, although this may necessitate expo- 
sure of the transverse arch. When this is not possible, the 
femoral artery can be cannulated. Some aortas may ac- 
commodate a cross-clamp but not a partial occluding 
clamp, in which case proximal anastomoses are per- 
formed with the aorta clamped completely. Manipulation 
of the most severely diseased ascending aorta may be 
completely avoided by femoral cannulation, hypothermic 
fibrillatory arrest without cross-clamping, and multiple 
internal mammary artery bypass grafts or proximal vein 
graft anastomoses to the innominate artery. 

During valve procedures, meticulous attention must be 
paid to prevention of particulate embolization. Valves are 
removed intact when possible, a small amount of suction 
is maintained in proximity to the diseased valve during 
excision, and the intracardiac chambers are thoroughly 
cleansed after valve removal. Air must be removed after 
any procedure in which a cardiac chamber has been 
entered; this is facilitated by filling and gently agitating 
the heart while the anesthesiologist ventilates the lungs to 
express air from the pulmonary veins. After initial evac- 
uation of air with the aorta clamped, the clamp is released 
and continuous suction is applied to a vent in the highest 
portion of the aortic root. The heart is filled and allowed to 
eject while suction is maintained. In any patient with 
known left ventricular clot, the heart should be manipu- 
lated minimally, and clot extraction may be indicated. 

During cardiopulmonary bypass, adequate perfusion 
flow and pressure, hematocrit, and arterial oxygen and 
carbon dioxide concentration must be maintained. Our 4 
patients underwent 130 to 234 minutes of extracorporeal 
circulation with a lowest temperature of 25 °C, flow index 
of 2 to 2.4 L/m*/min, mean perfusion pressure of 52 to 75 
mm Hg, and arterial partial pressure of oxygen of 217 to 
619 mm Hg. A membrane oxygenator was used in all 4 
patients, arterial filtration was used in 2 patients, and a 
left ventricular vent was used in 1 patient. No problems 
occurred with the conduct of perfusion in any patient. 
Although short bypass time and use of arterial filtration 
might be expected to diminish the total microembolic 
burden during extracorporeal circulation, these factors do 
not appear to have a substantial protective effect [9]. 

Because some evidence exists that endogenous vasoac- 
tive amines may contribute to the development of isch- 
emic optic neuropathy [21] and because the production of 
such substances may be diminished during pulsatile as 
compared with nonpulsatile cardiopulmonary bypass [27, 
28], use of the former mode might theoretically reduce the 
chance of development of this complication. However, 
because ischemic optic neuropathy seldom occurs even 
with nonpulsatile bypass, this would be a nearly impos- 
sible hypothesis to substantiate. Therefore, because of the 
potentially deleterious effects of vasoconstrictor drugs 
(eg, phenylephrine hydrochloride) not only on optic 
nerve circulation but elsewhere in the body as well, 
limiting their use to situations in which systemic vascular 
resistance and perfusion pressure are substantially de- 
creased appears prudent. 

Although every effort should be made to preserve blood 
and to avoid transfusions, intraoperative or postoperative 
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anemia with a hematocrit less than 20% may be a contrib- 
uting factor in the development of anterior ischemic optic 
neuropathy and should be avoided [12]. 


Finally, the role of intraocular pressure elevation needs 


to be evaluated further. Prophylactic antiglaucoma medi- 
cations may have some role in the prevention of ocular 
complications of open heart operations. 
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Hematological Complications With the St. Jude 


Valve and Reduced-Dose Coumadin 
Verdi J. DiSesa, MD, John J. Collins, Jr, MD, and Lawrence H. Cohn, MD 


Division of Cardiac Surgery, Brigham and Women’s Hospital, Boston, Massachusetts 


We examined hematological complications in 415 pa- 
tients having valve replacement with the St. Jude me- 
chanical prosthesis (212, aortic valve replacement [AVR]; 
159, mitral valve replacement [MVR]; and 44, AVR + 
MVR). There were 164 men and 251 women with a mean 
age of 59 years (range, 20 to 88 years). Preoperatively 386 
patients were in New York Heart Association functional 
classes III and IV. There were 154 associated procedures 
(37%), the most common being myocardial revasculariza- 
tion. Overall hospital mortality was 7.5% (31/415), 7% 
after AVR, 8% after MVR, and 7% after AVR + MVR. 
All operative survivors were anticoagulated with Couma- 
din (crystalline warfarin sodium) to maintain the pro- 
thrombin time at 1.5 times control. During a mean 


he hemodynamic performance and durability of the 

St. Jude mechanical valve are excellent [1-7]. Its 
primary clinical limitations and those of other mechanical 
valves derive from interaction of the artificial surfaces 
with components of blood, particularly the coagulation 
system. In a review of articles published since 1979, 
Edmunds [8] noted that approximately 75% of the com- 
plications in patients with mechanical valves were related 
to thromboemboli and bleeding due to anticoagulation. In 
most studies in which it is documented, the practice when 
Coumadin (crystalline warfarin sodium) is used is to 
adjust the dose to maintain the prothrombin time be- 
tween 1.5 and two times control. Attempts to manage 
adult patients with St. Jude and other mechanical valves 
using antiplatelet agents in lieu of Coumadin have not led 
to acceptable rates of thromboembolic and thrombotic 
complications [9]. 

Because of the excellent hemodynamic performance of 
the St. Jude valve and design considerations thought to 
reduce the risk of thromboembolism, our patients with 
the St. Jude valve were managed with reduced Couma- 
din, the dose adjusted to maintain the prothrombin time 
at 1.5 times control. We examined all hematological com- 
plications in a consecutive series of patients with St. Jude 
mechanical valves managed in this way between 1983 and 
1988. 


Material and Methods 


St. Jude valve replacements were done in 415 patients at 
Brigham and Women’s Hospital between 1983 and 1988. 
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follow-up of 21 months (range, 6 to 60 months), there 
were 29 late deaths (7.6%) and 5 patients (1.3%) lost to 
follow-up. No patient experienced structural valve de- 
generation. At 48 months, actuarial freedom from throm- 
boembolism was 87% + 3% after AVR and 91% + 9% 
after MVR; from anticoagulation-related hemorrhage, 
97% + 3% after AVR and 91% + 3% after MVR; and from 
hemolysis, 100% after AVR and 98% + 2% after MVR. 
Freedom from all valve-related morbidity at 4 years was 
82% + 5% after AVR and 75% + 10% after MVR. 
Actuarial survival at 48 months was 80% + 4% after AVR 
and 65% + 7% after MVR. 


(Ann Thorac Surg 1989;48:280-3) 


Isolated aortic valve replacement (AVR) was performed in 
212, isolated mitral valve replacement (MVR) in 159, and 
both AVR and MVR (AVR + MVR) in 44. There were 164 
men and 215 women with a mean age of 59 years and an 
age range of 20 to 88 years. Preoperatively 177 patients 
were in New York Heart Association functional class IV, 
209 were in class ill, 28 were in class II, and 1 patient was 
in class I. An associated procedure was performed in 154 
patients (37%), most often myocardial revascularization. 

There were 31 early deaths (within 30 days postopera- 
tively), an overall operative mortality of 7.5%. Operative 
mortality was 7.1% (15 patients) after AVR, 8.2% (13 
patients) after MVR, and 6.8% (3 patients) after AVR + 
MVR. Causes of operative death included myocardial 
infarction in 11 patients, low cardiac output in 11 patients, 
arrhythmia in 5 patients, and a variety of other causes in 
4 patients. 

Operative survivors were anticoagulated with Couma- 
din to maintain the prothrombin time at 1.5 times control, 
initially by daily measurement and then weekly or less 
often once the Coumadin dose was stable after discharge. 
Each patient was followed and the Coumadin dose ad- 
justed by his or her local physician. No patient was also 
on a regimen of antiplatelet agents. Follow-up was ob- 
tained by direct telephone contact. Any transient neuro- 
logical event or visual defect was considered a thrombo- 
embolic event. All completed strokes and hemorrhages 
were considered valve related. 


Results 


During a follow-up that ranged from 6 to 60 months 
(mean follow-up, 21 months), there were 29 late deaths 
(7.6%) and 5 patients (1.3%) were lost to follow-up. 
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Fig 1. Actuarial probability of freedom from thromboembolism. Num- 
bers in each group represent patients at risk. (AVR = aortic valve 
replacement; MVR = mitral valve replacement.) 


Causes of late death were as follows: cardiac-related in 15 
patients, hemorrhage in 5, stroke in 2, and other non- 
valve-related in 7. Three hundred twenty-two survivors 
were in New York Heart Association functional class I or 
Il. Structural valve degeneration occurred in no patient, 
but there were four cases of prosthetic valve endocarditis, 
three after AVR and one after AVR + MVR. Five patients, 
1 after AVR and 4 after MVR, had documented perival- 
vular leak. 

Actuarial probabilities of freedom from a variety of 
hematological complications were calculated at 48 months 
of follow-up for patients who underwent AVR or MVR. 
The probability of freedom from thromboembolism was 
87% + 3%.after AVR; this complication occurred in 11 
patients. Similarly, 11 thromboembolic events occurred in 
patients after MVR, and the actuarial probability of free- 
dom from this complication was 91% + 9% (Fig 1). Two of 
these thromboembolic events caused fatal strokes. There 
was one instance of valve thrombosis after MVR. Because 
of pregnancy, this patient had been told to discontinue 
Coumadin. 

The probability of freedom from anticoagulation-related 
hemorrhage at 4 years was 97% + 3% after AVR (one 
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Fig 2. Actuarial probability of freedom from anticoagulant-related 
hemorrhage. Numbers in each group represent patients at risk. (AVR 
= aortic valve replacement; MVR = mitral valve replacement.) 
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Fig 3. Actuarial probability of freedom from hemolysis. Numbers in 
each group represent patients at risk. (AVR = aortic valve replace- 
ment; MVR = mitral valve replacement.) 


event) and 91% + 3% after MVR (five events) (Fig 2). Five 
of the events were fatal. 

There was no incidence of hemolysis after AVR (actu- 
arial probability of freedom from this complication, 
100%). Hemolysis was defined as reticulocytosis and 
transfusion requirement without defined bleeding and 
was seen in only 3 patients with perivalvular leak after 
MVR. The probability of freedom from this complication 
after MVR was 98% + 2% at 4 years (Fig 3). 

The probability of freedom from all valve-related mor- 
bidity including infection and perivalvular leak at 4 years 
was 82% + 5% after AVR and 75% + 10% after MVR (Fig 
4). Actuarial survival at 48 months was 80% + 4% after 
AVR and 65% + 7% after MVR (Fig 5). 

After AVR + MVR, only one nonfatal thromboembolic 
event was documented. No instances of anticoagulant- 
related hemorrhage occurred. 


Comment 


The excellent hemodynamic performance and freedom 
from structural valve degeneration of the St. Jude me- 
chanical prosthesis have been well documented in other 
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Fig 4. Actuarial probability of freedom from all valve-related morbid- 
ity. Numbers in each group represent patients at risk. (AVR = aortic 
valve replacement; MVR = mitral valve replacement.) 
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Fig 5. Actuarial probability of survival. Numbers in each group rep- 
resent patients at risk. (AVR = aortic valve replacement; MVR = 
mitral valve replacement. ) 


studies [1-7] and are confirmed by the experience re- 
ported here. Interaction of the mechanical valve surfaces 
with the components of the coagulation system leading to 
thromboembolic complications and mandatory use of 
anticoagulants leading to hemorrhagic complications re- 
main the principal limitations of these prostheses. Despite 
efforts to manage patients without Coumadin anticoagu- 
lation, in adult patients, at least, rates of thromboembo- 
lism and valve thrombosis have been unacceptably high 
when antiplatelet agents alone have been used [5, 9, 10]. 
In our experience, reduced Coumadin dose adjusted so 
that the prothrombin time is 1.5 times control is associated 
with excellent clinical performance and acceptable rates of 
thromboembolic and hemorrhagic complications. These 
continue to be major causes of morbidity and mortality, 
however. , i l 
_ The correct dose of an anticoagulant after prosthetic 
valve replacement has been derived empirically after 
years of experience with patients who have these valves. 
Previous practice had been to adjust anticoagulation to 
maintain the prothrombin time at greater than 1.5 ‘times 
but usually less than two times control value [8, 11-14]. 
Even at these levels, thromboembolic events remain a 
critical problem after valve replacement with older me- 
chanical prostheses. Furthermore, hemorrhagic complica- 
tions are not unusual. In our experience [15, 16] with 
tilting-disc valves and Coumadin anticoagulation to pro- 
thrombin times twice normal, freedom from thromboem- 
boli was 80% and from hemorrhage, 90% at 9 years. In the 
review of the Starr-Edwards caged-ball valve by Miller 
and associates [17], the 5-year probability of freedom from 
thromboemboli and hemorrhage was 62% and 82%, re- 
spectively. An inverse relationship between thromboem- 
bolism and hemorrhage has also been documented with 
the caged-ball prosthesis [18]. Comparing patients man- 
aged between 1960 and 1972 with those seen between 
1973 and 1980, decreased rates of thromboembolism were 
achieved at the expense of ‘increased rates of anticoagu- 
lant-related bleeding. | 

Newer prostheses such as the St. Jude valve incorporate 
improved material and design features that enhance he- 
modynamic performance and reduce thrombogenicity. 


Ann Thorac Surg 
1989;48:280-3 


Central-flow characteristics, pyrolytic carbon construc- 
tion, and improved hinge design have made the St. Jude 
valve a standard by which to judge new designs. Because 
of these features, we have: successfully managed the 
patients presented here using a reduced dose of Couma- 
din. Although valve thrombosis and structural valve 
degeneration have been observed with the St. Jude valve 
[19, 20], to date we have seen only one instance of valve 
thrombosis in our patients managed in this way. 

Our experience with a low incidence of thromboembo- 
lism, anticoagulant-related hemorrhage, and hemolysis 
with the St. Jude valve in patients treated with Coumadin 
at a reduced dose over 5 years has been encouraging. 
However, challenges remain and must be addressed by 
development of better understanding of the interaction of 
these prostheses with all components of blood, particu- 
larly the coagulation system. Only when problems related 
to this interaction are solved will durable valve replace- 
ment devices with both excellent hemodynamic perfor- 
mance and low rates of thrombogenicity without antico- 
agulation be available for patients in need of valve 
replacement. 
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REVIEW OF RECENT BOOKS 


Socioeconomics of Surgery 
Edited by Ira M. Rutkow 
Philadelphia, C.V. Mosby, 1989 
423 pp, illustrated 


Reviewed by Benson B. Roe, MD 


This comprehensive text of 423 pages presents a studiously 
documented review of the current factors associated with the 
timely issue of surgical economics, which nearly all surgeons 
recognize to be in the throes of transition. The thrust of this study 
can best be summarized in the author's words; “The transforma- 
tion of United States’ health care from a “cottage industry’ to a 
mammoth government-industrial-medicine complex is undeni- 
able. To the surgical profession, the central question must be how 
it views itself relative to this change and where it fits into the 
rapidly changing system.” 

Because of this rapid flux the book is probably destined to 
become out of date almost as the ink dries. Nevertheless it 
represents an extremely valuable resource and background for all 
who are involved in the transition process. Its wide variety of 
individual viewpoints is supplemented by an exhaustive review 
of the current literature in which conflicting views are expressed 
and from which a prodigious amount of data was extracted to 
illustrate the issues in question. l 

The book is segmented into five parts: Surgical Demographics, 
Delivery and Financing of Surgical Services, Quality of Surgical 
Care, Legal and Ethical Issues, and Summary. Each of the 24 
chapters is authored by one or more distinguished experts on the 
subject (including several of those actively involved in the current 
legislative and administrative proceedings on physician remu- 
neration), adding to the comprehensive and authoritative char- 
acter of the work. 


DiSESA ET AL 283 
COMPLICATIONS WITH THE ST. JUDE VALVE 


reassessment of the performance characteristics of the Starr- 
Edwards model 6120 mitral valve prosthesis. J Thorac Car- 
diovasc Surg 1983;85:1-20. 

18. Teply JF, Grunkemeier GL, Sutherland HD’A, Lambert LE, 
Johnson VA, Starr A. The ultimate prognosis after valve 
replacement: an assessment at twenty years. Ann Thorac 
Surg 1981;32:111~-9. 

19. Odell JA, Durandt J, Shama DM, Vythilingum S. Spontane- 
ous embolization of a St. Jude prosthetic mitral valve leaflet. 
Ann Thorac Surg 1985;39:569-72: 
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Notwithstanding the overall excellence of the book, I found a 
few key elements to be missing. The authors’ devotion to 
objective information resulted in side-stepping the highly 
charged emotional aspects of physician autonomy, self evalua- 
tion, and rationalized greed. These important feelings play an 
unmistakable role in socioeconomic behavior patterns, yet the 
studies suggest that actions are the result of rational decisions. 
Although’ the traditional image of a physician as unselfish, 
dedicated, and completely honest may still be widely applicable, 
I believe that it is no longer a generality that can be reliably 
applied to economic policy. 

The authors carefully provide the SEREA and refutations 
for the problems of unnecessary operations, variations in 
charges, and assessment of severity with minimal recognition of 
the incentives for greed in the system. 

The capriciousness of many surgical charges, as manifested by 
their frequent lack of correlation with relative risk, skill, experi- 
ence, results, or cost of practice, warrants more attention. Nor do 
the authors give more than passing reference to the substantial 
economic impact of duplicated charges in the form of “unbun- 
dling” and overlapping responsibility. 

In the chapter on surgical decision making, Dr Clarke ignores 
the powerful market role of the referring physician whose desires 
may prevail over contrary surgical judgement by conditioning his 


` referral choices to surgeons who will comply to “get the busi- 


ness.” 

Notwithstanding these deficiencies—which may be exagger- 
ated in the eyes of this reviewer—the book is a valuable and 
monumental rendition of a very important issue to all surgeons 

and to the economy at large. It is required reading for all who toil 
in that field and recommended reading for all practicing. s sur- 
geons. 
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Chest Wall Implantation of Lung Cancer After 
Thin-Needle Aspiration Biopsy 
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Percutaneous aspirational biopsy of intrathoracic lesions 
has become a popular technique. One of the rarest 
complications is that of implantation of malignant cells 
within the needle tract and subsequent development of a 
chest wall mass. A case of chest wall implantation of 
adenocarcinoma of the lung after thin-needle biopsy is 


Po aspirational biopsy has become a popular 
technique in the diagnosis of certain pulmonary 
densities. Although controversial, especially for operable 
lesions, the indication is usually to confirm a suspected 
malignancy when confronted with a newly discovered 
peripheral lesion or one that has exhibited increased size 
[1]. One of the rarest complications is that of implantation 
of malignant cells within the needle tract and subsequent 
development of a chest wall mass. Of the few reported 
cases, most have been associated with the Vim-Silverman 
cutting needle [2-4]. There have been, to our knowledge, 
no reports of adenocarcinoma implantation after thin- 
needle biopsy (18 to 23 gauge). Likewise, although several 
reports describe the implant metastasis, none have ad- 
dressed the issue of how such a lesion should be treated, 
especially if the mass is fixed to the chest wall. We report 
a case of thin-needle implantation of pulmonary adeno- 
carcinoma and its management by aggressive chest wall 
resection and flap reconstruction. 


A 46-year-old woman was referred for evaluation of a 
nonhealing skin lesion over the right anterior chest wall of 
4 months’ duration. Six months previously, the patient 
had undergone a right upper lobectomy for a large ade- 
nocarcinoma (T2 NO MO) of the lung. Subsequently, she 
received no chemotherapy or radiotherapy, was free of 
detectable disease, and led an active lifestyle. Signifi- 
cantly, the chest wall nodule was located far from the 
thoracotomy incision and exactly where a diagnostic thin- 
needle (18-gauge Lee needle) biopsy had been performed 
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reported. The lesion was successfully treated with radi- 
cal full-thickness excision of the chest wall and immedi- 
ate reconstruction with a large rectus abdominis muscu- 
locutaneous flap. 


(Ann Thorac Surg 1989;48:284-6) 


before the lobectomy. The ulcer measured 8 mm in 
diameter and was associated with a 3 x 2-cm fixed, 
nontender, firm mass over the right prepectoral region 
(Fig 1). Incisional biopsy of the lesion showed moderately 
well-differentiated adenocarcinoma that correlated closely 
with the original tumor (Figs 2, 3). Computed tomo- 
graphic scanning indicated deep involvement of the chest 
wall in the same direction as the original needle aspiration 
(Fig 4). 

A wide, full-thickness excision of the chest wall was 
performed and a small portion of adherent lung was also 
removed to ensure en bloc resection. Random histological 
frozen sections at the margins were free of tumor, and 
examination of the specimen showed extension deep into 
the muscle layer. The surgical defect measured 15 x 12 cm 
and encompassed the second, third, and fourth ribs as 
well as the right hemisternum. A large contralateral rectus 
abdominis musculocutaneous flap was mobilized, based 
on the remaining internal mammary artery, and was 
transposed into the defect. The abdominal and chest 





Fig 1. This 46-year-old woman was referred for treatment of an en- 
larging mass and ulceration on the chest wall. The dashed lines in- 
dicate the palpable borders of the underlying, fixed mass. 
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Fig 2. Microscopic section of the original lung tumor showing clus- 
ters of adenocarcinoma cells. (Hematoxylin and eosin, x 600 before 
50% reduction.) 


incisions were closed. The patient was ambulant the 
following day, the chest tubes were removed within 72 
hours, and she was discharged in the first postoperative 
week. Permanent histology showed adenocarcinoma as 
noted before, and all margins were clear. 

Five months later, clinical suspicion of axillary adenop- 
athy developed. Subsequent axillary dissection showed 
that one of four nodes contained adenocarcinoma. The 
patient recovered uneventfully and continues to do well 9 
months after her chest wall resection. She continues to 
show no evidence of residual disease at 15 months after 
the lobectomy and 9 months after the chest wall resection 


(Fig 5). 


Comment 


Although percutaneous needle biopsy was first described 
in 1883, it was not until the late 1940s that it began to be 
used regularly as a diagnostic tool in the US. Even then, 
concerns were raised by Oschner and DeBakey about the 


Pts 





Fig 3. Micrascopic section of the implanted chest wall metastasis de- 
picting mucin-containing adenocarcinoma cells seen in the original 
lesion (see Fig 2). (Hematoxylin and eosin, X600 before 50% reduc- 
ton.) 
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Fig 4. This computed tomographic scan shows a superficial soft tissue 
density (arrow) at the former biopsy site that extends to the muscu- 
loskeletal layer. 


risk of needle tract metastasis [5]. Interestingly, in exper- 
imental models it has been shown that up to 90% of 
needle tracts contain malignant cells, yet they carry only a 
slight risk of developing into frank metastases in the 
surrounding tissue [6, 7]. Fortunately, the incidence of 
clinically apparent needle tract metastases is small, with 
most series reporting less than a 1% occurrence {1, 8]. 

Although several cases of needle tract implantation 
with adenocarcinoma of the lung have been reported, all 
have occurred with the use of a large-bore Vim-Silverman 
cutting needle [2-4]. Metastases that have occurred witha 
thin needle (18 to 23 gauge) have all been of bronchogenic 
origin [9, 10]. 

In 1972, Berger and associates [11] raised much contro- 
versy when they reported 2 cases of seeding of the pleural 








Fig 5. The patient is shown 4 months after chest wall resection and 
flap reconstruction. She continues to do well 9 months postoperatively 
and 15 months after right upper lobectomy. 
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space with squamous cell carcinoma associated with nee- 
dle biopsy. It was proposed that operable lesions may 
therefore carry a worse prognosis if needle-biopsied. Two 
other groups argued that technical difficulties and prob- 
lems in confirming the nature of the cells within the 
pleural fluid militated against changing the criteria under 
which a needle biopsy should be performed [12, 13]. 
Currently, diagnostic needle biopsy is commonly used 
with few contraindications. 

It is noteworthy that in the present case, not only did 
the needle biopsy result in soft-tissue extension of the 
tumor, but the metastasis itself then spread to the axillary 
nodes. 

It is our impression that when a needle-tract metastasis 
is fixed to the musculoskeletal layer, and if the patient's 
overall condition is favorable, wide full-thickness chest 
wall ablation and immediate reconstruction is the treat- 
ment of choice, either for cure or for palliation. With 
currently available methods, this can be accomplished 
safely in one operation, thereby minimizing hospitaliza- 
tion and cost. When properly selected, durable soft-tissue 
flaps from the adjacent torso can provide excellent resto- 
ration of function with minimal morbidity [14]. In the 
present case, the rectus abdominis musculocutaneous flap 
was utilized to meet these requirements. If the lesion is 
located within an irradiated field, other flap alternatives 
may also be appropriate [15]. 

In our series, loss of muscular or musculocutaneous 
flaps, as well as revision of any flap, has been less than 
1%. Likewise, the mortality in major chest wall ablations 
with immediate reconstruction has been less than 1% [16]. 
Hence, an aggressive approach to chest wall implants is 
warranted. 
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Malignant Melanoma Metastatic to the Esophagus 


Jibah Eng, MB, MA, FRCS, Gautam Narsing Pradhan, MD, FRCS, 
Sabaratnam Sabanathan, DM, FRCS, and Alan J. Mearns, MB, FRCS 


Department of Thoracic Surgery, Bradford Royal Infirmary, Bradford, England 


A rare case of metastatic malignant melanoma of the 
esophagus 11 years after wide excision of a cutaneous 
malignant melanoma is presented and the relevant liter- 
ature reviewed. Symptomatic esophageal metastasis is 
unusual in malignant melanoma. Although the eventual 
outlook is poor in such cases, worthwhile palliation can 
be achieved by prompt diagnosis and treatment. 


(Ann Thorac Surg 1989;48:287-8) 


Miem melanoma of the esophagus is a rare dis- 
ease, accounting for only 0.1% of primary esopha- 
geal malignant neoplasms [1]. More than a hundred cases 
of primary malignant melanoma of the esophagus have 
been reported [2]. Metastatic involvement of the esopha- 
gus was first reported in a postmortem study in 1895 [3]. 
Since then, 6 cases of metastatic malignant melanoma of 
the esophagus detected clinically have been reported 
[4-8], although it has been found in up to 4% of postmor- 
tem studies of malignant melanoma metastatic to the 
gastrointestinal tract [9]. We report a case of symptomatic 
metastatic malignant melanoma of the esophagus. 


A 44-year-old woman was seen in July 1987 with a 
4-month history of progressive dysphagia and odynopha- 
gia. By the time she was seen, she had lost 6 kg. In 1976 
she had a 1-cm malignant melanoma excised from her 
lower lumbar region. Histology of the widely excised 
specimen showed malignant melanoma confined to the 
epidermis and upper part of the dermis with a good deal 
of lymphocytic infiltrate and sparse mitosis. The excision 
was believed to be complete. In 1980 and 1985, she had 
two further swellings removed from her lumbar scar, with 
no evidence of recurrence of melanoma. 

Physical findings, laboratory results, chest roentgeno- 
gram, abdominal ultrasonic scan, and isotopic scan of 
bones were all within normal limits. Barium swallow (Fig 
1) showed an irregular filling defect in the midesophagus 
just inferior to the carina. Esophagoscopy showed a 
polypoid tumor 27 cm from the incisors. Examination of 
the biopsy specimen showed malignant melanoma. Bron- 
choscopy performed at the same time showed normal 
trachea, carina, and bronchial trees. 

The patient underwent Ivor Lewis esophagectomy and 
esophagogastrostomy. There was no evidence of hepatic 
or intrathoracic metastases at operation. The patient was 
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Fig 1. Bartum swallow showing irregular polypoid filling defect in the 
mudesophagus. 


discharged from the hospital on postoperative day 12 after 
an uneventful recovery. 

The resected specimen (Fig 2) contained a polypoid, 
pigmented lesion of the midesophagus. Microscopic ex- 
amination of the specimen revealed typical malignant 
melanoma without junctional activity. The adjacent epi- 
thelium showed no evidence of nevus cells or in situ 
melanoma. A diagnosis of metastatic malignant mela- 
noma of the esophagus was made. 
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Fig 2. Operative specimen showing polypoid, pigmented lesion of the 
midesophagus. 


At follow-up 6 months after discharge, the patient was 
found to have disseminated disease, confirmed on exci- 
sional biopsy of a left axillary lymph node. The patient 
died 2 months later; permission for postmortem examina- 
tion was refused. 


Comment 


Controversy surrounded the discussion of the existence of 
primary malignant melanoma of the esophagus until 1962 
when melanoblasts were detected in the esophagus in 
some patients [10]. Malignant melanoma has been re- 
ported in an esophagus associated with melanosis of the 
entire esophagus. In 1949, Allen and Spitz [11] established 
the criteria for the diagnosis of metastatic, as opposed to 
primary, malignant melanoma and emphasized the im- 
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portance of junctional change of the overlying epithelium. 
There was no evidence of such change in our patient, 
confirming the metastatic nature of the disease. This 
correlated well with the previous cutaneous malignant 
melanoma removed from her back. 

Malignant melanoma has the propensity to cause wide- 
spread metastatic disease even years after the original 
treatment of cutaneous lesions. The gastrointestinal tract 
is a frequent site for such metastases, which are usually 
multiple [9]. Review of the published studies shows that 
in the case of the esophagus, primary malignant mela- 
noma appears to be much more common than metastatic 
malignant melanoma. 

Multiple-organ metastases are present in up to 95% of 
patients with advanced metastatic malignant melanoma. 
Single-organ metastasis is uncommon. We did not find 
any evidence of further disease in our patient either 
preoperatively or at operation. Unfortunately, she had 
widespread metastases within 6 months of discharge from 
the hospital. 

The outlook of malignant melanoma of the esophagus is 
generally poor, with survival in most cases of less than a 
year from diagnosis. Metastatic malignant melanoma ap- 
pears to carry a similarly dismal prognosis. However, in 
relatively young and healthy patients, surgical resection 
would be the method of choice to provide a more satis- 
factory palliation, until more effective treatment options 
become available. This may include intralesional a- 
interferon therapy. 
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Long-Term Survival After Triple-Valve 


Replacement 
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California 


A 29-year-old man with rheumatic stenosis and insuffi- 
ciency of the aortic, mitral, and tricuspid valves under- 
went urgent triple-valve replacement on January 12, 
1966, because of uncontrollable congestive heart failure. 
Twenty-two years and 8 months later (September 13, 
1988) reoperation was necessary to replace the Kay- 


he need to replace the aortic, mitral, and tricuspid 

valves, a procedure first performed successfully by 
Starr, is uncommon as repair of one or more of the valves 
is usually possible. We describe a patient who was suc- 
cessfully reoperated on 22 years and 8 months after 
triple-valve replacement using three different prosthetic 
valves. We hope this unique case will be of interest to 
others. 


A 29-year-old man had been managed medically for 3 
years for his rheumatic valvular heart disease with cath- 
eterization documentation of stenosis and insufficiency of 
the aortic, mitral, and tricuspid valves. Refractory conges- 
tive heart failure eventually developed (Fig 1) and he 
underwent urgent triple-valve replacement on January 12, 
1966. 

The aortic and mitral valves had typical calcific and 
fibrotic changes, and the tricuspid valve was fibrotic 
without identifiable commissures. The papillary muscles 
and subvalvular apparatus were excised along with the 
mitral and tricuspid valve leaflets. The base of the calcific 
aortic valve leaflets was debrided to provide an acceptable 
annulus for valve placement. 

Three different prostheses were implanted: a Magovern 
sutureless valve in the aortic position, a Starr-Edwards 
(model 6120) in the mitral position, and a Kay-Shiley in 
the tricuspid position (Fig 2). Myocardial protection was 
provided by modest total body hypothermia of 30°C and 
continuous cannula perfusion of the left coronary artery 
with intermittent perfusion of the right coronary artery 
with blood from the pump circuit. No potassium car- 
dioplegia was used. 

Despite a lengthy bypass time, the heart restarted 
promptly in normal sinus rhythm. No inotropic drugs 
were necessary at any time postoperatively, and the 
patient recovered from operation without complications. 

Throughout the years he remained physically active 
with minimal limitation. In 1976 he developed episodes of 
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Shiley tricuspid prosthesis because of progressive steno- 
sis of the valve due to pannus formation. The aortic and 
mitral prostheses continue to function normally. The 
patient has again returned to full activity. 


(Ann Thorac Surg 1989;48:289-91)} 





Fig 1. Posteroanterior chest roentgenogram shows marked cardio- 
megaly of all chambers and congestive heart failure. 


bradycardia due to sick sinus syndrome. A permanent 
pacemaker was inserted transthoracically because of the 
tricuspid prosthesis, and he again continued to do well. 

Early in 1988 he began to develop signs and symptoms 
of right-sided failure with ascites and peripheral edema. 
Cardiac evaluation revealed normally functioning aortic 
and mitral prostheses, but severe stenosis of the Kay- 
Shiley tricuspid valve. 

On September 13, 1988, at reoperation, marked pannus 
formation was found on an otherwise normal-appearing 
prosthesis (Fig 3). There was no disc wear detectable. A 
Carpentier-Edwards porcine valve (No. 33) was inserted 
without difficulty. An atrial septotomy was performed 
and the Starr-Edwards mitral valve was inspected. No 
abnormalities were seen. The patient recovered unevent- 
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Fig 2. On the posteroanterior (A) and lateral (B) chest roentgeno- 
grams the three different valve prostheses can be seen: a Magovern 
aortic, a Starr-Edwards mitral, and a Kay-Shiley tricuspid. 


fully and his failure signs and symptoms have resolved 
(Fig 4). 


Comment 


There are several unusual and perhaps unique features 
about this case that are worth noting. All three valves 
were irreparably damaged by the rheumatic process and 
required replacement. Three different valves were used 
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Fig 3. The excised Kay-Shiley valve is structurally intact with no se- 
rious disc wear. Progressive stenosis was caused by pannus formation 
on the inflow surface of the tricuspid prosthesis. 


for the following reasons: (1) a sutureless Magovern valve 
[1] was used in the aortic position to minimize bypass 
time. Because of the multiple-point fixation into the aortic 
annulus by extrudable metallic pins activated by a few 
twists of the seating device, the valve could be securely 
inserted much more quickly than the conventional inter- 
rupted suture technique used for other valves. (2) The 
Starr-Edwards valve was used in the mitral position 
because it was the prosthesis most widely accepted as the 
best valve available [2]. (3) A Kay-Shiley disc prosthesis 
[3] was selected for the tricuspid valve replacement be- 
cause of its very low profile. There was the concern that 
the more bulky ball and cage of a Starr-Edwards valve 
might be traumatic to the septum and free wall of the right 





Fig 4. On the posteroanterior chest roentgenogram 10 days after oper- 
ation, a Carpentier-Edwards tissue valve can now be seen in the tri- 
cuspid position, as well as the previously placed pacing wires. 
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ventricle, and possibly somewhat obstructive as well to 
right ventricular outflow. 

The long-term survival of this patient was especially 
gratifying because this young man was able to live an 
active life, and was fortunate enough to avoid any major 
complications. He had no episodes of endocarditis, 
thromboembolic events, major hemorrhage, or valve dis- 
ruption. The very late pannus formation on the valve skirt 
is a known potential complication of other valves as well, 
and is not a valve-related mechanical malfunction. 

There are few reports of long-term follow-up of survi- 
vors of triple-valve replacement. In 1978, MacManus and 
associates reviewed a 14-year experience with 48 triple- 
valve replacements [4]. There were nine operative deaths 
and 21 late deaths, with 43% of the late deaths being 
valve-related. In 13 of the 17 survivors (mean follow-up, 
10.3 years), the functional class was improved over the 
preoperative status in all but 3. There were, however, 18 
patients who experienced 31 embolic episodes of which 
four were fatal. In addition, 8 operative survivors (20.5%) 
required re-replacement of a total of 12 (five aortic, three 
mitral, four tricuspid) prosthetic valves. All mitral and 
tricuspid valves were re-replaced for thrombotic stenosis 
of the prosthesis. One of the tricuspid valves was a caged 
disc prosthesis similar to the one used in our patient. 

In 1985, Gersh and co-workers [5] reported the Mayo 
Clinic experience with 91 patients who had undergone 
triple-valve replacement. There were 22 perioperative 
deaths (24%) and 40 late deaths over a median follow-up 
period of 7.5 years (range, 6 weeks to 20 years). Cumula- 
tive survival was 64% at 1 year, 55% at 5 years, 40% at 10 
years, and 25% at 15 years. Eight patients required reop- 
eration for prosthetic valve dysfunction. Isolated tricuspid 
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valve malfunction requiring reoperation developed in 2 
patients with Starr-Edwards prostheses and in 1 patient 
with a Bjérk-Shiley prosthesis. Twelve patients required 
permanent pacemakers. 

The durability of prosthetic valves when compared with 
tissue valves has been a major advantage for their use. 
The remarkable performance and structural integrity of 
these three valves of different types that were used in this 
patient can be better appreciated by estimating the num- 
ber of valve actions that have occurred since implantation. 
Assuming 80 beats/minute over the preceding 22 years 
and 8 months, then each valve would have opened and 
closed 953,625,600 times. The life expectancy of the two 
original valves (Magovern and Starr) that continue to 
function normally cannot be predicted, but few would 
challenge the fact that they have fulfilled the claim of 
durability. 


References 


1. Magovern GJ, Kent EM, Cromie HW. Sutureless prosthetic 
heart valves. Circulation 1963;27:784-8. 

2. Starr A, Edwards ML. Mitral replacement: clinical experience 
with ball-valve prosthesis. Ann Surg 1961;154:726-40. 

3. Mori T, Kitamura S, Verruno E, Kenaan G, Kay JH. Tricuspid 
valve replacement: a comparative experimental study with 
Starr-Edwards ball valve, Beall disc valve, and Kay-Shiley disc 
valve with muscle guard. J Thorac Cardiovasc Surg 1974; 
68:30-6. 

4. MacManus Q, Grunkemeier G, Starr A. Late results of triple 
valve replacement: a 14-year review. Ann Thorac Surg 1978; 
25:402-6. 

5. Gersh BJ, Schaff HV, Vatterott PJ, et al. Results of triple valve 
replacement in 91 patients: perioperative mortality and long- 
term followup. Circulation 1985;72:130-7. 


Laryngotracheoesophageal Cleft: Endoscopic 
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The laryngotracheoesophageal cleft results from congen- 
ital nonfusion of the upper tracheoesophageal septum 
and cricoid primordium. The diagnosis remains an en- 
doscopic one and often is difficult to make in the neo- 
nate. This article describes a method for determining the 
diagnosis, as well as details of a successful surgical 
repair. 

(Ann Thorac Surg 1989;48:292-4) 


| es ele races (LTE) cleft is an extremely 
rare congenital anomaly, and the diagnosis is often 
difficult to make, especially for the unsuspecting exam- 
iner. Without early identification and surgical correction, 
a very poor prognosis exists. This report describes the 
diagnosis and detailed surgical repair of a neonate with a 
complex upper LTE cleft. 


Endoscopic Diagnosis 


An intubated 2,325-g female infant was referred for res- 
piratory distress two days after delivery. She had been 
intubated because of chest wall retractions and progres- 
sive cyanosis. Radiographic studies showed aspiration of 
contrast material with no anatomical detail being eluci- 
dated. On admission, the child was examined with a Storz 
lens-rod infant bronchoscope, 4.0 mm in outer diameter, 
which provided adequate ventilation and thorough visual 
inspection. Just past the epiglottis, a wide posterior laryn- 
geal defect and large esophageal opening was noted. The 
origin of the esophagus appeared much larger than that of 
a standard tracheoesophageal fistula. As seen in Figure 1, 
an H-shaped common pouch was seen with the anterior 
opening representing the more anterior trachea and the 
posterior orifice, the esophagus. The crossbridge of the H 
appeared as the incomplete tracheoesophageal septum. 
The lower trachea and distal bronchial tree were found to 
be normal. 

Subsequently, the child was reintubated and under- 
went esophagoscopy to rule out other abnormalities. A 4F 
Fogarty catheter was introduced into the distal esophagus 
and the endoscope was removed. Repeat bronchoscopy 
showed the catheter posterior, creating a groove dorsal to 
the incomplete cricoid ring, running along the posterior 
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larynx, and entering the esophagus behind the incom- 
plete septum. This maneuver helped confirm the diagno- 
sis of a high LTE cleft that ended at the second tracheal 
ring. 


Surgical Repair 


The infant was ventilated and treated with antibiotics 
until pulmonary infiltrates cleared five days later. During 
the repair, care was taken not to dislodge the endotra- 
cheal tube into the large esophageal opening. A J-shaped 
incision was made longitudinally just anterior to the left 
sternomastoid muscle (Fig 2). Using blunt dissection, the 
strap muscles were retracted anteriorly to allow entrance 
into the pharynx posterior and lateral to the primordium 
of the tracheoesophageal septum. This approach allowed 
protection of the recurrent laryngeal nerve. 

The pharyngeal pouch was opened by incising the 
inferior constrictor muscle longitudinally. In the common 
pouch the caudal aspect and lateral ridges of the septum 
were defined and the edges were denuded of mucosa (Fig 








Incomplete septum 
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Fig 1. Bronchoscopic diagnosis of a laryngotracheoesophageal cleft, 
facilitated by passing a 4F Fogarty catheter into the esophageal open- 
ing previously. (Upper inset) A cross-section of the most cephalic part 
of the cleft, showing the deficient cricoid cartilage and septum. (Lower 
inset) An endoscopic view of the cleft. The crossbar of the H represents 
the cleft with catheter passing posteriorly. 
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3A). The right and left ridges were approximated in the 
midline using interrupted 4-0 Vicryl sutures, completing 
septation to above the cricoid cartilage, making the epi- 
glottic mechanism competent (Fig 3B). Then the cricoid 
cartilage was divided anteriorly and tissue was mobilized 
posterolaterally to widen the upper larynx (Fig 4). 

Seven days later, laryngoscopy showed continued pa- 
tency. A tracheostomy was not done at the primary 
repair; however, because of recurrent edema tracheosto- 
my was required for extubation. The tracheostomy was 
eventually removed and the vocal cords appeared to 
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Fig 2. For repair a J-shaped incision was made along 
the sternomastoid muscle (inset). The inferior pharyn- 
geal muscle was incised posteriorly to gain access to 
the cleft. 


function normally. Long-term endoscopic follow-up was 
not possible. Recurrent aspiration was curtailed ade- 
quately by the repair. 


Comment 


Esophageal atresia occurs with or without an associated 
tracheal fistula in 0.03% of live births. Although similar in 
embryogenesis, LTE clefts appear much more infre- 
quently. Despite this, Cameron and Williams [1] found a 
0.2% incidence of this condition in 2,000 pediatric autop- 


Fig 3. (A) The right and left lateral ridges of the in- 
complete septum were denuded ef mucosa and (B) 
sutured together with interrupted absorbable material. 





294 CASE REPORT = CHITWOOD ET AL 
LARYNGOTRACHEOESOPHAGEAL CLEFT 


Fig 4. The cricoid cartilage was divided anteriorly 
(A), which allowed iateral displacement of soft tissues 
(C) effecting a wider tracheal passage (B). 
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sies. In 1792 Richter first described the LTE cleft, but by 
1974 only 33 cases had been reported with 9 operative 
survivors [2, 3]. For the unsuspecting examiner the diag- 
nosis has been difficult and may be missed using conven- 
tional radiographic studies. Delayed therapy often has 
resulted in early death. In infants having respiratory 
distress, continued difficulties with endotracheal tube 
position and ventilation may suggest either a large tra- 
cheoesophageal fistula or an LTE cleft. 

By the embryonic third week the trachea, larynx, and 
upper esophagus become separated from the foregut 
anlage [2]. As pulmonary primordia separate from the 
foregut, a dorsal longitudinal groove forms and lateral 
ridges fuse in the midline, forming the tracheoesophageal 
septum. Separation into the trachea and esophagus pro- 
ceeds cephalad, becoming complete by 33 days of devel- 
opment [2]. By the third month the cricoid cartilage fuses 
dorsally from fifth and sixth branchial arches. The hall- 
mark of the LTE cleft relates to an arrest of both tracheo- 
esophageal septation and dorsal cricoid fusion. Laryn- 
gotracheoesophageal defects may be limited to the larynx 
or extend to the carina. Recently, Kluth [4] detailed 
esophagotracheal separation abnormalities well, and cat- 
egorized this one as a (X b1) fissure formation defect. 

Bronchoscopy and esophagoscopy provide the best 
methods for an early diagnosis. In this patient flexible 
bronchoscopy was attempted; however, it was unhelpful 
because of an inability to ventilate and a lack of directivity. 





The esophageal Fogarty catheter helped define the distal 
limit of the incomplete tracheoesophageal septum. 

Repair of this anomaly remains challenging and must 
be accomplished soon after diagnosis. In this patient 
refabrication of the upper tracheoesophageal septum was 
carried to above the cricoid. For septation, sufficient 
lateral tissue was available to prevent either esophageal or 
tracheal stenosis. To avoid narrowing the lower larynx, 
the anterior cricoid cartilage was split and lateral tissue 
was mobilized, widening the passage (Fig 4). Other au- 
thors [2, 3] have repaired upper LTE clefts by similar 
techniques; however, the division of the cricoid may 
represent a new approach. Recently, Donahoe and Gee 
[5] reported successful repair of a complete larynx to 
carina cleft. Correction of long LTE clefts has been rare as 
airway management remains difficult. 
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An 80-year-old man underwent percutaneous translumi- 
nal balloon valvuloplasty for critical aortic stenosis. The 
procedure was performed by the antegrade atrial trans- 
septal approach and was complicated by a persistent 
atrial septal defect. Symptoms recurred 6 months later, 
restenosis of the aortic valve was confirmed, and the 
atrial septal defect yielded a substantially greater left- 


ercutaneous transluminal balloon valvuloplasty 
(PTBV) is increasingly used for nonsurgical therapy 
of severe aortic stenosis in high-risk elderly patients. 
Although initial results appeared favorable, recent data 
raise serious questions regarding the long-term efficacy of 
this technique, primarily because of the high incidence of 
restenosis. In a recent report [1], 17 of 168 patients with 
initially successful PTBV for aortic stenosis required aortic 
valve replacement within 1 year. Increasing numbers of 
patients may therefore be referred to cardiothoracic sur- 
geons for aortic valve replacement after PTBV failure. 
Although aortic PTBV is usually performed by the 
retrograde aortic approach, an antegrade transvenous 
technique has also been used [2]. This requires puncture 
and dilation of the atrial septum with passage of balloon 
dilation catheters across the septum and manipulation 
through the aortic valve. In this report, we describe the 
creation of an atrial septal defect (ASD) during an ante- 
grade aortic PTBV that demonstrated an increase in size 
concomitant with valvular restenosis 6 months after the 
procedure. 


An 80-year-old man with previous anterior myocardial 
infarction and repair of an abdominal aortic aneurysm 
was seen with New York Heart Association functional 
class IV symptoms of congestive heart failure, exertional 
angina, and presyncope. Diagnostic cardiac catheteriza- 
tion revealed critical aortic stenosis with an aortic valve 
area of 0.7 cm? by the Gorlin formula [3]. Angiography 
revealed severe anterior wall akinesis, mild mitral and 
aortic valve insufficiency, and occlusion of the proximal 
left anterior descending coronary artery. In view of his 
age, depressed ventricular function, and overall status, 
the patient was considered to be at high risk for operation 
and was referred for PTBV. 
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to-right shunt. This complication of percutaneous trans- 
luminal balloon valvuloplasty poses important problems 
in hemodynamic assessment and operative management 
of patients who undergo subsequent aortic valve replace- 
ment. 


(Ann Thorac Surg 1989;48:295-7} 


At the time of aortic PTBV, inability to advance any 
guidewire retrogradely above the level of the aortoiliac 
bifurcation necessitated an antegrade atrial transseptal 
approach. A complete hemodynamic study before PTBV 
confirmed the diagnosis of severe aortic stenosis. With an 
8F transseptal sheath and Brockenbrough needle, we 
performed an atrial septal puncture by standard tech- 
nique from the right femoral vein. Atrial septal dilation 
was performed with a balloon dilation catheter 8 mm in 
diameter and 3 cm long (Mansfield Scientific). Four bal- 
loon dilations of the aortic valve were performed using a 
9F balloon catheter 20 mm in diameter and 5.5 cm long 
(Mansfield Scientific), which was passed antegrade over a 
guidewire through the dilated atrial septum. 

Table 1 summarizes the hemodynamic and oximetric 
analyses performed before and immediately after PTBV. 
The procedure resulted in a decrease in mean aortic valve 
gradient from 28 to 20 mm Hg and in peak aortic valve 
gradient from 35 to 21 mm Hg, with an increase in the 
thermodilution cardiac output from 4.1 to 7.4 L/min. 
However, serial oximetric sampling at the completion of 
the procedure revealed a significant oxygen step-up at the 
right atrial level, with a pulmonic-systemic flow ratio 
(Q,/Qs) of 1.8:1. Using the Fick systemic blood flow 
technique [4], the valve area after PTBV was 1.2 cm*. 

The patient experienced substantial functional improve- 
ment after PTBV and was in functional class I at 2-month 
follow-up. However, 6 months after the initial PTBV, he 
had two episodes of syncope. Repeat cardiac catheteriza- 
tion revealed extensive restenosis. In addition, a clinically 
significant residual left-to-right intracardiac shunt was 
demonstrated at the atrial level with a Qp/Qs of 2.8:1. 
Using the Fick systemic blood flow technique, the calcu- 
lated aortic valve area was 0.8 cm*. In view of his 
recurrent symptoms, restenosis of the aortic valve, and 
presence of a large traumatic ASD, the patient was re- 
ferred for operation. f ; 

At operation, the superior and inferior vena cavae 
cannulated individually for venous return to thespu 
oxygenator. After cross-clamping, the aorta was dpe: 
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Table 1. Summary of Hemodynamic and Oximetric Analyses 








Before After Follow-up 

Variable PTBV PTBV (6 mo) 
Pressure 

RA (mm Hg) 2 4 10 

RV (mm Hg) 65/4 33/5 64/14 

PA (mm Hg) 65/22 33/10 64/21 

Mean PA (mm Hg) 43 17 30 

PCW (mm Hg) 31 6 19 

LV (mm Hg) 158/22 129/10 165/15 

AAo (mm Hg) 123/55 108/50 130/83 
COrp (L/min) 4.1 7.4 6.2 
SBF, (L/min) 3.8 4.1 3.9 
PAVG (mm Hg) 35 21 35 
MAVG (mm Hg) 28 20 27 
Calculated AVA (cm?) 0.7 1.2 0.8 
O, saturation (%) 

SVC nape 56.7 54.3 

IVC es 68.6 76.6 

RA tug 64.1 88.5 

PA 61.6 74.3 84.2 

Arterial 96.6 94.9 96.5 
Estimated Qp/Qs 1.3 2.8 
AAo = ascending aorta; AVA = aortic valve area; COyrp = ther- 
modilution cardiac output; IVC = inferior vena cava; LV = left 


ventricle; 
artery; 


MAVG = mean aortic valve gradient; PA = pulmonary 
PAVG = peak aortic valve gradient; PCW = pulmonary 
capillary wedge; PTBV = percutaneous transluminal balloon valvulo- 
plasty;  Qp/Qs = ratio of pulmonic to systemic flow; RA = right 
atrium; RV = right ventricle; SBF, = systemic blood flow by Fick 
technique; SVC = superior vena cava. 


and cardioplegic solution was delivered directly into the 
coronary ostia with hand-held cannulas. The right atrium 
was opened, and a 3-cm long tear of the atrial septum was 
found in the region of the fossa ovalis. This was repaired 
primarily with interrupted mattress sutures. The patient's 
aortic valve was tricuspid and tightly stenotic, with severe 
calcification and fusion of the leaflets. The valve was 
replaced with a 21-mm Carpentier-Edwards bioprosthe- 
sis, and the patient's postoperative course was uncompli- 
cated. 


Comment 


Incidence of Atrial Septal Defect Complicating 
Percutaneous Transluminal Balloon Valvuloplasty 
Iatrogenic ASD occurs as a component of mitral valve 
PTBV, consequent to the requirement of a transseptal 
atrial approach, and results in left-to-right shunts in up to 
one third of patients [5]. The hemodynamic effects of such 
shunts are frequently small, with Qp/Qs ratios of less than 
2.3:1 [6], and these shunts are reported to disappear 
within several days after the procedure. Aortic PTBV is 
usually performed by the retrograde aortic approach. 
However, vascular trauma is a well-recognized complica- 
tion of this technique, requiring surgical vascular repair in 
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up to 15% of patients [1]. In an effort to decrease the 
incidence of this complication, some investigators have 
advocated use of the transseptal approach for PTBV [2]. 
The need for subsequent mitral valve replacement after 
PTBV of the mitral valve appears to be much less common 


‘than the need for subsequent aortic valve replacement 


after aortic PTBV [7]. In patients who undergo subsequent 
mitral valve replacement after PTBV, the presence of an 
ASD should be discovered during routine exploration of 
the left atrium. However, this is not the case with the 
post-PTBV patient who undergoes subsequent aortic 
valve replacement. Unless an effort is made to detect the 
presence of an ASD by preoperative studies, it may go 
undetected, thus affecting several hemodynamic and sur- 
gical considerations. 


Hemodynamic Considerations 


During follow-up hemodynamic assessment of a patient 
who has undergone aortic PTBV, the presence of an 

unrecognized residual ASD would lead to inaccurate 

assessment of aortic valve area and thus interfere with the 

diagnosis of restenosis. If only thermodilution cardiac 

outputs, or Fick cardiac outputs obtained by using pul- 

monary arterial oximetric samples, were used for estima- 
tion of systemic blood flow, an unrecognized ASD would 

result in substantial overestimation of transaortic blood 

flow and consequently overestimation of the aortic valve 

area (using the Gorlin formula) [3]. Thus, it is essential 
that serial oximetric samples be obtained from the inferior 
and superior vena cavae, right atrium, pulmonary artery, 

and systemic artery for detection of a left-to-right shunt at 
the atrial level [4]. If such an oxygen step-up is detected, 

the Flamm equation [8] for estimating best mixed venous 

oxygen saturation immediately proximal to the site of the 

shunt must be used to calculate the true arterial-mixed 

venous oxygen content difference, and subsequent calcu- 

lation of systemic blood flow must be made by the Fick 

method. In our patient at 6-month follow-up (Table 1), the 

determination of cardiac output (6.2 L/min) by the ther- 

modilution method was much greater than the true sys- 

temic blood flow (3.9 L/min) as determined by the Fick 
method. The most accurate determination of aortic valve 
area by the Fick method of systemic blood flow calculation 
yielded a valve area of 0.8 cm’, whereas determination by 
the thermodilution method alone would have yielded a 

valve area of 1.2 cm?. Thus, failure to recognize the. 
presence of this defect could lead to overestimation of the 

patient's cardiac output and consequent underestimation 

of the severity of valve stenosis. 


Surgical Considerations 

Preoperative determination of the presence of an ASD in 
patients undergoing aortic valve replacement after PTBV 
is also important for surgical considerations. The presence 
of an ASD affects decisions regarding cardiopulmonary 
bypass techniques and methods for delivering cardiople- 

ja. 

j Most surgeons use a single two-stage right atrial can- 
nula for venous drainage during simple aortic valve 
replacement, which could be dangerous if an unsuspected 
ASD exists. After institution of cardiopulmonary bypass 


te 


w 
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and opening o€ the aorta, aspiration of air from the left 
heart could result in an air-lock in the venous line and 
abrupt discontinuation of cardiopulmonary bypass. This 
potentially lethal hazard can be avoided by separate caval 
cannulation if the ASD is recognized preoperatively. 

Retrograde cardioplegia infusion through the right 
atrium has been recommended for patients with aortic 
stenosis and concomitant aortic insufficiency [9]. How- 
ever, when this route is attempted in patients with ASDs, 
shunting of cardioplegia into the left atrium occurs and 
ineffective myocardial protection results. If the ASD is not 
tecognized preoperatively, rapid conversion to another 
administration technique (ie, by coronary ostial infusion 
or directly into the coronary sinus) would be required. 

Finally, the presence of an ASD may complicate efforts 
to wean patients from cardiopulmonary bypass. The 
degree and direction of shunting through the unrepaired 
defect depends on relative compliances of the left and 
right cardiac chambers. With chronic ventricular pressure 
overload from aortic valve disease, left atrial and ventric- 
ular compliances would be decreased and could result in 
substantial left-to-right shunting and right heart volume 
overload with attendant difficulties in weaning from by- 
pass. 
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The association of single ventricle and truncus arteriosus 
is rare. We present the successful surgical palliation of a 
patient who echocardiographically and angiographically 
has a truncus arteriosus type I and single left ventricle. 
At operation, the main pulmonary artery was dissected 


he association of single ventricle and truncus arterio- 

sus is rare. Although isolated cases of this lesion 
have been reported, most of these cases are truncus 
arteriosus and single ventricle with only one atrioventric- 
ular valve [1-5]. In 1952, Siddoway and Chernish [6] 
reported 3 cases of single ventricle and truncus arteriosus. 
However, Van Praagh and Van Praagh [7] in 1965 re- 
viewed all previously reported cases of single ventricle 
and truncus arteriosus, and found no convincing evi- 
dence that any of these cases with truncus arteriosus 
represented a single ventricle in which both atrioventric- 
ular valves or a common atrioventricular valve open into 
one ventricular chamber. This definition of single ventri- 
cle excludes cases of mitral or tricuspid atresia. All re- 
ported patients have been autopsy cases, and we are 
aware of no reported survivors of this lesion. We present 
the case of a child born with truncus arteriosus with a 
double-inlet single ventricle of the left ventricular type 
who underwent surgical palliation and is currently doing 
well. 


This 3,720-g infant was born at 38 weeks of gestation and 
had a heart murmur and respiratory distress on the first 
day of life. Physical examination showed a tachypneic, 
acyanotic infant with full pulses. There was an increased 
right ventricular impulse. The systolic first sound was 
normal; the systolic second sound was single. There was 
a short grade 2/6 systolic ejection murmur present at the 
upper left sternal border, and a third heart sound was 
present at the apex. A prominent systolic ejection click 
was noted at the upper left sternal border. A chest 
roentgenogram showed mild cardiomegaly and normal 
pulmonary vascular markings. The electrocardiogram 
demonstrated a superior axis with counterclockwise loop 
and left ventricular hypertrophy. An echocardiogram 
demonstrated two atria with two atrioventricular valves 
and a moderately large secundum atrial septal defect (Figs 
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off the truncus arteriosus, and a 4-mm polytetrafluoro- 
ethylene graft was placed from the ascending aorta to the 
left pulmonary artery. The patient is currently 13 months 
old and growing well. 

(Ann Thorac Surg 1989;48:298-300) 


1, 2). The atrioventricular valves emptied into a large 
single ventricle of the left ventricular type. There was a 
single persistent truncus arteriosus, type L arising from 
the ventricle and giving rise to the pulmonary arteries. 
There were also right and left superior vena cavae drain- 
ing into right and left atria, respectively. Cardiac cathe- 
terization performed on the second day of life demon- 
strated a double-inlet left ventricle with an infundibular 
chamber from which arose the truncus arteriosus, type | 
(Fig 3). The atrial appendages appeared to be juxtaposed. 
After catheterization, the patient was discharged in good 
condition. She returned at 3 months of age with a respi- 
ratory syncytial virus pneumonia and congestive heart 
failure. She was treated with anticongestive and ribavirin 
therapy. After ten days of treatment, she recovered from 
her pneumonia and 1 week later underwent cardiac 
operation. 

At operation, the main pulmonary artery was found to 
be rather short and wide, and originated from the pos- 
terolateral aspect of the truncal root (Fig 4). The atrial 





Fig 1. Apical four-chamber two-dimensional echocardiogram shows 
single ventricle with two atrioventricular valves. (ASD = secundum 
atrial septal defect; LA = left atrium; LAVV = left atrioventricular 
valve; R = right; RA = right atrium; RAVV = right atrioventricu- 
lar valve; S = superior; V = single ventricle.) 
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Fig 2. Long-axis teo-dimensional echocardiogram shows two atrio- 
ventricular valves emptying into a single ventricle, which gives rise to 
the truncus arteriosus. (A = anterior; | = inferior: LA = left atrium; 
LAVV = left atrioventricular valve; RA = right atrium; RAVV = 
right atrioventricular valve; TR = truncal root; V = single ventricle.) 


appendages were juxtaposed. Cardiopulmonary bypass 
was instituted, and the main pulmonary artery was dis- 
sected off the truncus arteriosus. The aorta was then 
closed with a running suture, and the main pulmonary 
artery was closed with a piece of pericardium that had 
been fixed in glutaraldehyde. A 4-mm polytetrafluoroeth- 
ylene graft was then placed from the ascending aorta to 
the left pulmonary artery (Fig 4). The patient was weaned 
from cardiopulmonary bypass without incident and trans- 
ported to the intensive care unit in good condition. The 
patient was extubated four days later and discharged from 
the hospital 17 days after her operation in good condition. 
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Fig 3. Lateral angtogram of contrast injection into the single ventricle 
shows the truncal root arising from the single ventricle and giving 
rise to the pulmonary arteries and aortic arch. (AOA = aortic arch; 
LPA = left pulmonary artery; MPA = main pulmonary artery: R = 
right; S = superior; TR = truncal root; V = single ventricle.) 


Her medications at that time included digoxin, furo- 
semide, and spironolactone. Since then, the patient has 
continued to do well and is presently 13 months old and 
growing well. 


Fig 4. Anatomy before (left) and after (right) surgical 
palliation, which consisted of (1) removal of the main 
pulmonary artery from the truncal root and closure of 
the truncal root, (2) patch closure of the main pulmo- 
nary artery root, and (3) placement of a 4-mm poly- 
tetrafluoroethylene aortopulmonary shunt. 
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Comment 


The combination of single ventricle and truncus arteriosus 
is rare. We describe the successful surgical palliation of a 
patient who echocardiographically and angiographically 
has a truncus arteriosus type I and single ventricle, with 
two atrioventricular valves emptying into a single ventri- 
cle of left ventricular morphology. We are not aware of 
any previous reports of successful surgical treatment of 
this lesion. Our planned treatment of this patient consists 
of a two-staged surgical approach. The first stage of the 
operation, as described, was performed to regulate pul- 
monary blood flow to protect the pulmonary vasculature 
from excess blood flow and pressures. In this manner, we 
hope to maintain adequate systemic oxygenation while 
not damaging the pulmonary vasculature for the second 
stage of the surgical treatment. Later, the patient will 
undergo cardiac catheterization so that we can estimate 
pulmonary artery flows, pressures, and resistances. If 
these are favorable, the patient will undergo the second 
stage of the repair, which will consist of closure of the 
aortopulmonary shunt, patch closure of the atrial septal 
defect and right atrioventricular valve, and connection of 
the right atrium to the pulmonary arteries. This will then 
give the patient separation of the circulations and physi- 
ological repair. At present, we believe that the patient's 
anatomy and physiology are favorable for this operation. 

In summary, we present a patient with single left 
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ventricle and truncus arteriosus who has been initially 
palliated by separation of the pulmonary artery from the 
truncal root and placement of an aortopulmonary shunt. 
Physiological repair will be accomplished by a Fontan- 
type procedure if hemodynamics are favorable. 
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Airway management of patients with tracheobronchial 
compression due to mediastinal masses poses a difficult 
problem. A new technique of direct vision endotracheal 
intubation is described, and other adjunctive measures 
are reviewed. l 

(Ann Thorac Surg 1989;48:301-2) 


Perae management of a partially obstructed 
airway in infants and children with mediastinal 
masses is a difficult and sometimes fatal problem. Death 
during and after anesthetic induction is well documented, 
often despite careful preoperative planning. We report a 
case of severe tracheobronchial compression due to a 
large mediastinal mass, successfully managed by a tech- 
nique utilizing the Storz rigid bronchoscope as a stylet for 
a reinforced endotracheal tube. This technique is de- 
scribed, and principles of airway management if patients 
with mediastinal masses are reviewed. 


Case Presentation 


The patient is a 15-year-old girl with a history of 
Hodgkin’s lymphoma in remission for several years. At 
follow-up, she had a large mass in the anterior and middle 
mediastinum, with tracheal compression and deviation of 
the trachea to the right. An exploratory thoracotomy was 
planned for diaznostic purposes. ` 

Endotracheal intubation was accomplished with a 6 mm 
x 35-em Storz rigid bronchoscope as the stylet for a 
reinforced 7-mm endotracheal tube. With this technique, 
the reinforced endotracheal tube was fitted over the rigid 
ventilating bronchoscope. The entire unit was then ad- 
vanced through the vocal cords under direct visualization. 
An area of severe compression just below the vocal cords 
was noted. The bronchoscope was gently advanced be- 
yond this compression into a widely patent trachea. The 
endotracheal tube was left in place, and the bronchoscope 
was withdrawn. The exploratory thoracotomy was per- 
formed, and the patient recovered uneventfully. 


Comment 


Mediastinal masses may cause serious tracheobronchial 
compression. Children with symptoms of upper respira- 
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tory obstruction from a mediastinal mass have tracheal 
narrowing and a decrease in tracheal cross-sectional area 
of 35% or greater [1]. This is associated with sudden death 
due to loss of the airway during induction of or emer- 
gence from general anesthesia [1]. 

In 1973, Amaha and colleagues [2] presented the earli- 
est published report of major tracheobronchial obstruc- 
tion by a mediastinal tumor. Since then, other cases have 
been described, including lymphosarcomas, Hodgkin's 
disease, and neuroblastomas. All these reports emphasize 
the difficulty in managing such patients perioperatively. 
Even meticulous preoperative planning has not guaran- 
teed success. Several important guidelines have emerged, 
however, that may decrease perioperative complications 
and mortality. 

Mechanical management of the airway itself may rep- 
resent the most acute problem. Simple endotracheal intu- 
bation under direct laryngoscopy may be possible, but 
may not be helpful in cases of distal tracheobronchial 
compression or angulation. The technique we describe of 
rigid bronchoscopic intubation with a surrounding endo- 
tracheal tube can be life-saving. With this technique, an 
appropriately sized reinforced endotracheal tube is first 
fitted over the rigid ventilating bronchoscope. The entire 
unit is then advanced into the oropharynx under direct 
laryngoscopy. Once the bronchoscope has passed the 
vocal cords, the tracheobronchial tree is examined care- 
fully for degree and length of compression or angulation. 
The bronchoscope is then advanced beyond the most 
distal point of obstruction, the endotracheal tube is left in 
place, and the bronchoscope is withdrawn. The technique 
is shown in Figure 1. Alternately, rigid bronchoscopy may 
be performed alone, as a guide to subsequent intubation, 
in infants and smaller children whose airways are toa 
small to accept a rigid bronchoscope within the available 
sizes of reinforced endotracheal tubes. 

We wish to emphasize, however, that routine diagnos- 
tic bronchoscopy is extremely hazardous in these airway- 
compromised patients [3]. Diagnostic bronchoscopy 
therefore should not be performed routinely in children 
with mediastinal masses, and the technique we describe is 
not a panacea for this difficult and potentially life- 
threatening problem. The technique, however, may aid 
airway control and general anesthesia in children who are 
judged to be good candidates for surgical resection. 

Several reports describe other unique means of han- 
dling particularly difficult distal lesions. Amaha and col- 
leagues [2] describe use of one-lung ventilation in a 
patient with severe one-sided obstruction. They also 
report, however, that in cases of lesser obstruction, one- 
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MANAGEMENT OF OBSTRUCTED AIRWAY 


Fig 1. Technique of bronchoscopic intubation. (A) A reinforced endotra- 
cheal tube is fitted cver the ventilating bronchoscope. The entire unit 

is advanced through the vocal cords under direct visualization and 
beyond the area of tracheal compression/deviation (arrow) into patent 
trachea. (B) The endotracheal tube is left in place, and the broncho- 
scope is withdrawn. 


lung ventilation usually results in marked hypoxia due to 
subsequent right-to-left shunting in the underventilated 
lung. Todres and co-workers [4] reported an ingenious 
scheme of coupled endotracheal and endobronchial ven- 
tilation through the oropharynx and a tracheostomy. 
Other investigators have described use of oxygen-jet 
ventilation, temporary partial cardiopulmonary bypass, 
and femorofemoral cardiopulmonary bypass during oper- 
ative management of critical airway obstruction. 

The effects cf anesthesia and paralyzing agents on 
diaphragmatic mechanics and pulmonary ventilation con- 


tribute substantially to the risks in managing airway- ` 


obstructed patients. Diaphragmatic and intercostal mus- 
cle paralysis markedly decreases the lung functional 
residual capacity by causing a cephalad diaphragmatic 
displacement, particularly in the supine position. General 
anesthetic agents have also been shown io relax tracheal 
smooth muscle [5]. On induction of anesthesia, the phys- 
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iological effect of these changes is intensified in the 
airway-compromised patient. Therefore, avoidance of 
muscle relaxants, use of the semi-Fowler or lateral decu- 
bitus positions, and maintenance of spontaneous respira- 
tion may be important perioperative measures [6]. 

Finally, preoperatively decreasing the tumor burden or 
associated inflammation by noninvasive means, such as 
corticosteroids, radiation therapy, or chemotherapy may 
be helpful, depending on the specific type of tumor 
involved [1]. These methods can diminish the amount of 
tracheal deviation and widen the tracheobronchial lumen, 
allowing greater ease of intubation and subsequent air- 
way management. 

In summary, large or unusually located mediastinal 
masses may present serious and. sometimes fatal prob- 
lems regarding perioperative airway management. Suc- 
cessful guidelines in managing airway-obstructed patients 
include the following. (1) General anesthesia should be 
avoided through use of local anesthesia for biopsy and 
noninvasive diagnostic studies whenever possible. (2) A 
preoperative course of intravenous steroids, radiation | 
therapy, or chemotherapy can be used, when applicable, 
to diminish tracheobronchial compression, deviation, or 
both, and to lessen the effects of general anesthesia on 
respiratory dynamics. (3) Muscle relaxants should be 
avoided. (4) Maintenance of spontaneous respiration 
should be continued until the airway is secure and the 
ability to deliver manual ventilation is assured. (5) The 
semi-Fowler’s or lateral decubitus position should be used 
during induction of anesthesia. (6) A reinforced endotra- 
cheal tube should be used when possible. (7) Routine 
diagnostic bronchoscopy, which is hazardous in children 
with mediastinal masses, should not be performed. (8) 
Bronchoscopic intubation as a stylet for a reinforced 
endotracheal tube can be helpful in passing the tube 
beyond a distal point of obstruction. (9) Rigid bronchos- 
copy alone, asa guide to subsequent immediate endotra- 
cheal intubation, may also be used in selected cases of 
distal airway obstruction, particularly in infants and small 
children whose airways are too small to accept the endo- 
tracheal tube-over-bronchoscope complex. This allows 


- assessment of the length and degree of tracheal obstruc- 


tion. 
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An Anterior Longitudinal Aortotomy With a 
Distal Aortic Transection for the Arterial 


Switch Operation 


Kisaburo Sakamoto, MD, Michio Yokota, MD, Inshin Kyoku, MD, Mitsuru Kitano, MD, 
Hisao Mizuhara, MD, and Hirotomo Nishii, MD 


Department of Cardiovascular Surgery, Shizuoka Children’s Hospital, Shizuoka, Japan 


An additional longitudinal aortotomy on the anterior 
aspect of the old ascending aorta after distal aortic 
transection is very effective for removal of the coronary 
buttons, prevention of deformation of the neopulmonary 
arterial ring, and reconstruction of the neopulmonary 
arterial trunk after the Lecompte maneuver, especially 
for the neonatal arterial switch operation. __ 

(Ann Thorac Surg 1989;48:303-4) 


here are several methods of aortic transection of the 
ascending aorta and removal of coronary buttons in 
the arterial switch operation [1-3]. After transecting the 
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aorta more than 10 mm superior to the valval commissure, 
we place an additional aortotomy that runs longitudinally 
on the ventral aspect of the ascending aorta. This incision 
facilitates removal of the coronary buttons in a good 
operative field and makes reconstruction of the neopul- 
monary artery easier after the Lecompte maneuver [4], 
especially in the neonatal arterial switch operation. Three 
consecutive neonates (the first patient had simple trans- 
position of the grea: arteries with a single coronary artery 
[Shaher 3a], the second had transposition of the great 
arteries with a ventricular septal defect, and the third had 
simple transposition of the great arteries with a single 
coronary artery [Saher 3c]) were recently operated on 
with this technique with good results. 


Fig 1. (A) After the ascending aorta 
is transected, an additional longitudi- 
nal aortotomy on the anterior aspect 
is added toward the nonfacing sinus 
of Valsalva (broken line). This aor- 
totomy is not extended to the level of 
the commissure of the aortic valve. ` 
(B) The coronary buttons are removed 
in a good operative field through the 
aortotomy. (C) The defects left by 
removal of the coronary buttons are 
filled in separately. (D) The posterior 
walls of the neopulmonary artery are 
anastomosed directly. (E) In our 3 
patients, we were able to enlarge the 
neopulmonary artery easily with a 
triangular patch placed on the ante- 
rior aspect. (Ao = aorta; DA = duc- 
tus arteriosus; LCA. = left coronary 
artery; PA = pulmonary artery; 
RCA = right coronary artery; SVC 
= superior vena cava.) 
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Fig 2. By the method of Quaegebeur and associates 
[2] a longitudinal aortotomy is added on the lateral or 
posterior aspect and the defects of the buttonholes are 
closed with dorsally piaced patches, one tongue-shaped 
and the other circular. On the other hand, with the 
new method using an anterior longitudinal aortot- 
omy, the defects of the buttonholes are closed with two 
circular patches. (Ao = dorta; LCA = left coronary 
artery; RCA = rigkt coronary artery.) 


Technique 

After establishment of cardiopulmonary bypass, the duc- 
tus arteriosus is divided. The ascending aorta is camped 
and divided as far distally as possible. We add an addi- 
tional longitudinal aortotomy on the anterior aspect from 
the aortic transection sité to a level just superior to the 
nonfacing sinus of Valsalva (Fig 1A). Good visualization 
of the coronary ostia and valve leaflets is obtained, and 
cotonary buttons are removed without difficulty (Fig 1B). 
The coronary buttons are implanted onto the neoaorta, 
and the aortic cross-clamp is released after the neoaorta is 
reconstructed by the Lecompte maneuver. The defects of 
the buttonholes on the dorsal aspect of the neopulmonary 
artery are filled with circular patches of porcine pericat- 
dium (Polystan A/s, Ballerup, Denmark) (Fig 1C). The 
nieopulmonary arterial trunk is reconstructed, with direct 
anastomosis of two segments of the neopulmonary artery 
if possible. Enlargement of the neopulmonary artery, if 
necessary, is finally accomplished by placing a patch on 
the anterior aspect without difficulty (Fig 1D, Ej. 


Comment 

We transect the ascending aorta as far distally as possible 
in accordance with the method of Quiaegebeur and asso- 
ciates [2], because we like to anastomose the proximal old 
aortic segment directly to the distal old pulmonary seg- 
ment to allow growth. This method also has the advan- 
tage of avoiding deformation of the. neopulmonary artery 
and coronary arteries by compression of the posteriorly 
located neoaorta after the Lecompte maneuver. The 
greater the length between the transected level of the 
aorta and coronary ostia, however, the more difficult the 
removal of the coronary buttons. Quaegebeur’s aortot- 
omy is performed from the transection site down toward 


Quaegebeur’s method 
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our method 





x : longitudinal aortotomy 


Posterior 


Anterior 


the most’ ariterior coronary ostium. By the method of 
Quaegebeur and associates, in patients with an antero- 
posterior relationship of the great arteries, the defects of 
the buttonholes are closed with dorsally placed patches, _ 
one tongue-shaped and the other circular (Fig 2). At times 
it is difficult to design the tongue-shaped patch suitably 
for the final form of the neopulmonary artery, and defor- 
mation of the neopulmonary arterial ring and postopera- 
tive bleeding at the region of the tongue-shaped patch 
may result. On the other hand, our additional longitudi- 
nal aortotomy on the anterior aspect of the ascending 
aorta in combination with distal aortic transection has the 
following advantages: (1) With our method, the resultant 
degree of deformation at the neopulmonary arterial ring is 
less than that of other methods because this aortotomy 
does not cross the line of the old aortic valval commissure; 
and. (2) this method allows anastomosis of the posterior 
wall of the neopulmonary artery directly and easy addi- 
tion of a separate anterior patch if needed so that possible 
bleeding from the suture line of the patch is easily 
controlled. 
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Reoperative Median Sternotomy 
H. Edward Garrett, Jr, MD, and John Matthews, MD 
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Sternal reentry for reoperative cardiac procedures poses a 
substantial risk of technical problems. A simple tech- 
nique for sternal reentry is described that is both expe- 
ditious and safe. 

(Ann Thorac Surg 1989;48:305) 


Ro for cardiac procedures usually necessitates 
reentering the chest through a median sternotomy. 
Operative mortality is generally increased for redo proce- 
dures. As evident from data from the Coronary Artery 
Surgery Study [1], the increased mortality associated with 
reoperative coronary procedures is primarily due to a 
greater risk of death on the day of operation. Operative 
mortality on the day of a redo coronary bypass was 3.9% 
compared with 1.1% on the day of the initial procedure. 
After the day of operation, surgical mortality was approx- 
imately the same for a reoperative (1.4% mortality) or an 
initial (2.0% mortality) procedure. 

Although many factors contribute to this ede risk 
on the day of reoperation, accidents at the time of sternal 
reentry may play a major role [2]. Not uncommonly, the 
right ventricle, aorta, or patent grafts may be adherent to 
the posterior table of the sternum and vulnerable toi injury 
at the time of reentry. 

We have used a simple technique that essentially avoids 
many potential accidents at the time of sternal reentry (Fig 
1). The previously placed sternal wires are cut or un- 
twisted but not removed. An oscillating saw is then used 
to divide the sternum while upward traction is applied to 
the untwisted wires. Not only does the upward traction 
help elevate the sternum away from the mediastinal 
contents, but the wires themselves serve as a barrier to the 
saw at the posterior table of the sternum. When the saw 
encounters the wires posteriorly, a characteristic vibration 
in the wire and grating noise is immediately obvious to 
the surgeon. When the bone has been divided throughout 
its length, the wires'may then be removed and mediasti- 
nal dissection started in the usual fashion. ` 

We have used this technique in our last 50 consecutive 
patients without incident. Sternal reentry may be accom- 
plished in this manner more expeditiously and with 
increased safetv. l 
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Fig 1. (A) The previous sternal wires are exposed through a midline 
incision. (B) The wires are untwisted or cut but not removed. An os- 
cillating saw may then be used to divide the sternum. The wires pro- 
vide a barrier to the saw and are removed after the sternum is divided. 
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Empyema Thoracis: Historical Perspective 


Richard M. Peters, MD 


Department of Surgery, University of California, San Diego, California 


The historical monograph described in this article pre- 
sents a brilliant piece of work by a young surgeon. To 
stop the carnage of opening drainage for acute strepto- 
coccal empyema, Dr Evarts A. Graham identified the 
relation between lung mechanics and open chest drain- 
age and the reasons for the stiff lung. This gem of a book 
shows how thoughtful experimental study with simple 
tools can produce answers to important clinical problems. 

(Ann Thorac Surg 1989;48:306-8) 


SOME FUNDAMENTAL CONSIDERATIONS 
IN THE TREATMENT OF l 


EMPYEMA THORACIS 


BY 
EVARTS A. GRAHAM, A.B, M.D. 


MEMBER OF EMPYEMA COMMISSION, U. S. ARMY} PROFESSOR OF SURGERY, WASHING- 
TON UNIVERSITY SCHUÐL OF MEDICINE; SULGEON-IN-CINEP, BARNES HOSPITAL AND 
SSINT LOUIS CHILDREN'S HOSPITAL. 


n 1920, Dr Evarts A. Graham received the Samuel D. 
Gross Prize of the Philadelphia Academy of Surgery 
for an essay entitled “Some Fundamental Considerations 
in the Treatment of Empyema Thoracis.” This work was 
published in a small volume of 110 pages by The C.V. 
Mosby Company in 1925 [1]. Unfortunately, the book has 
been seen by few current thoracic surgeons. While I was 
in my training in thoracic surgery under Dr Graham 25 
years after the publication of this book, my mother, a 
medical historical librarian, found a copy for me which Dr 
Graham autographed. It is a remarkable historical docu- 
ment of a man’s use of careful study to change military 
medicine and reduce preventable mortality. It has seven 
sections: Introduction, 2 pages; Pathology, 52 pages; 
Prevention of chronic empyema, 14 pages; Careful atten- 
tion to the nutrition of the patient, 5 pages; Discussion, 
summary, and conclusions, 3 pages; and Addendum, 22 
pages. The principles set down in this monograph pro- 
vided an extraordinary advance in surgical therapy. 
During the winter of 1917 to 1918, “an epidemic of 
hemolytic streptococcus infections of the respiratory 
tract... . ravaged the military camps of this country.’* 
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This epidemic “did much to clarify the general under- 
standing of not only the pathology but also the treatment 
of empyema.” The US Army set up an empyema commis- 
sion to study this problem. Fortunately, Dr Evarts A. 
Graham as a young surgeon was appointed to this com- 
mission. He capitalized on “this opportunity of studying 
intensively and under proper control a large number of 
cases,” and developed “certain principles’ that came 
“into general recognition” which, although most of them 
“were not new, ... resulted in more or less standard 
methods of treatment.” “Following their application in 
the Army, the mortality rate dropped from an appallingly 
high figure to one remarkably low.” 

In 1906, the reported mortality of empyema in civilian 
life was in the range of 20%, and in February 1918, an 
Army survey showed it to be 30.2% overall, but ranging 
as high as 70% or more in camps in which early open 
drainage was standard. When the principles Dr Graham 
elucidated were applied by the empyema commission, the 
mortality was reduced to 3.4%. 


The essential points of these new principles are: (1) Careful 
avoidance of open pneumothorax in the acute stage, (2) The 
prevention of a chronic empyema by the rapid sterilization 
and obliteration of the infected cavity, and (3) Careful atten- 
tion to the nutrition of the patient. 


The 52 pages devoted to the pathology of empyema 
contain an extraordinary exposition of the basic principles 
governing the relation between lung mechanics, pleural 
dynamics, and ventilatory work. Modern pathophysiol- 
ogy has changed terminology and filled in some details, 
but the fundamentals are presented by Dr Graham. 

He begins by pointing out the marked differences 
between pneumococcal and streptococcal empyema. He 
noted: “Pneumococcus empyema is almost always a com- 


plication of lobar pneumonia and it usually is not recog- 


nized until after the acute stage of the pneumonia has 
passed and at a time when probably the disappearance of 
much of the exudate from within the lung has increased 
the vital capacity over what it was during the active acute 
stage of the infection.” Dr Graham defined vital capacity 
for his readers as “the maximal amount of air that can be 
exhaled after a maximal inhalation.” He points out the 
difference between streptococcal pneumonia and pneu- 
mococcal pneumonia. Streptococci infect the bronchioles, 
resulting in patchy atelectasis. The obstruction of airways 
with streptococcal pneumonia is greater than in pneumo- 
coccal pneumonia. He reasoned that resultant stiff lungs 
would make open pneumothorax result in much greater 
harm. He therefore made some studies of open pneu- 
mothorax, starting with a study of normal intrapleural 
pressures. He gathered data that 70 years ago were not 
generally known: (1) that pleural pressure was subatmo- 
spheric throughout the ventilatory cycle, and (2) that the 
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Right Peara 


mediastinum was not a rigid divider between pleural 
cavities but that a near equilibrium of pressure existed 
between the pleural cavities with open pneumothorax 
(Fig 1). 

He compared studies of human cadavers with those of 
canine cadavers, found these comparable, and proceeded 
with studies of open pneumothorax in dogs (Fig 2). He 
inserted a cannula attached to a tambour into the pleural 
cavity; the tambour was in turn attached to a kymograph 
and recorded pressure changes on smoked drums. He 
created wounds of different sizes in the chest cage of dogs 
to create open pneumothoraces, and measured both pleu- 
ral pressures and airway pressures. He observed: 


The ability of the animal, therefore, to withstand an open 
pneumothorax is dependent upon his ability to compensate 
by increasing his respiratory effort. Obviously a strong, vig- 
orous animal can compensate better than a weaker one. In our 
experience young adult dogs have uniformly withstood the 
harmful effects of an open pneumothorax better than old or 
weak and emaciated dogs. 

It is a very striking fact that usually the restoration of 
negative intrapleural pressure can be instantly accomplished, 
even in cases in which because of the size of the opening there 
is no negative pressure, merely by closing the pleural open- 
ing, thus making a closed instead of an open pneumothorax, 
provided that the duration of absence of negative pressure 
has not been so great that because of asphyxia the animal is 
too nearly dead to compensate for the relatively slight distur- 
bance resulting from the closed pneumothorax. But here, 
again, the intrapleural pressure does not become so low as it 
was before the opening was made, at least not within a few 

-minutes. Presumably it would become normal as soon as the 
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Fig 1. Tracing showing that when 
the left pleural cavity of a fresh adult 
human cadaver is inflated with air at 
a pressure of 10 cm H,O, the right 
pleural cavity registers a pressure of 
9 cm H,O. The top line is a record of 
a pressure of 10 cm H,O made with 
the tambour attached to the right 
pleural cavity. Calibration showed 
that the actual pressure was 9 cm 
H,O. Reprinted from [1] by permis- 
sion of The C.V. Mosby Co. 


air contained in the pleural cavity was absorbed; but this point 
has not been tested. 


Dr Graham’s summary and conclusions provide a succinct 
and lucid statement about empyema. 


Empyema in previous years has been one of the most 
serious problems in surgery, as judged by the mortality 
figures alone. The opportunities for the study of a large 
number of cases under favorable conditions in the military 
hospitals have resulted in modifications of treatment which 
give promise of not only greatly reducing the mortality but 
also the disability from this condition. 

The essential points of these new principles of treatment 
are: (1) Careful avoidance of open pneumothorax in the acute, 
pneumonie stage, (2) the prevention of a chronic empyema by 
the rapid sterilization and obliteration of the infected cavity, 
and (3) careful attention to the nutrition of the patient. 

Experimental work on pneumothorax, discussed in detail 
above, shows that previous conceptions of the mechanics of 
pneumothorax are erroneous. These conceptions have been 
based on the false idea that the mediastinum constitutes a 
more or less rigid partition between the two pleural cavities in 
the normal individual, and they have led to the belief that 
when an open pneumothorax is established the lung on the 
same side is collapsed and respiration is maintained by the 
other lung. 

On the contrary it has been shown by experiment on the 
human body that the mediastinum offers only a slight resis- 
tance when the pressure in one pleural cavity is made equal to 
that of a column of water 10 cm. high. Experiments with 
greater pressures than this have not been carried out. 

In the normal individual there is at all times practically an 
equilibrium of pressure throughout the whole thorax, so that 
when an open pneumothorax on one side is created both 


Fig 2. Tracing made in the same way 
with a recently killed dog, which 
shows that the dog is strictly compa- 
rable with the human, since here also 
the difference in pressure between the 
two pleural cavities amounted to only 
1 cm H,O. Reprinted from [1] by 
permission of The C.V. Mosby Co. 


Left Peura 
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lungs are compressed and respiration is prebably maintained 
by both lungs. 

Obviously factors which tend to immobilize the mediasti- 
num, such as adhesions and thickening from long-standing 
inflammation change these relationships by making of it a 
more rigid partition. 

The maximum opening into a pleural cavity compatible 
with life depends upon a definite relationship which exists 
between the amount of air entering the lungs and the amount 
which enters the pleural opening. This may be approximately 
determined for the normal chest by the mathematical expres- 
sion given in the text. By this expression it is found that an 
average normal human adult should be capable of withstand- 
ing for a short time an opening of about 511.5 sq. cm. (5 x 10 
cm., or 2 X 4.11 inches), but in exceptional instances this 
value may be very much larger, depending to a considerable 
extent on the vital capacity. As in one instance, mentioned in 
the text, it may reach the very high value of 101.3 sq. cm. (15.6 
sq. inches). The length of time that life will be maintained in 
the normal individual with a maximum opening will be 
determined largely by the strength of his respiratory muscles. 

The bearing of these results and deductions upon both the 
treatment of acute empyema and upon thoracic surgery in 
general is obvious. Whenever the amount of air taken into the 
lungs is limited by the presence of an active pneumonia, with 
plugging of both air channels and alveoli, whenever there is 
an excessive demand for air, whenever there is sufficient 
weakening of the respiratory muscles to impair compensation 
or, in short, whenever the vital capacity is reduced, the size of 
a pleural opening compatible with life becomes smaller; and if 
any or all of the above factors are present in sufficient 
intensity, even a very small opening into the pleural cavity 
will produce death from asphyxia. Since all of these factors are 
likely to be present to a high degree during the early stage of 
an empyema of the streptococcus type, early operation with 
the establishment of an open pneumothorax carries with it an 
unwarrantable danger. 

Other important effects of an open pneumothorax are rapid 
heat loss, danger of infection.and disturbance of the systemic 
circulation. 

The cardinal objects in the treatment of empyema are 
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sterilization and obliteration of the cavity. Unless both of 
these objects are attained permanent healing does not occur. 

Dakin’s solution (neutral 0.5 per cent solution of sodium 
hypochlorite), when intelligently used, and combined with 
adequate drainage, is able to accomplish both of these objects 
simultaneously. As a decorticating agent it has proved so 
satisfactory that the belief seems justified that the necessity 
for the performance of mutilating operations of the type of 
Fowler-Delorme, Estlander, Schede, etc., will almost never 
arise, particularly in those cases which have been treated 
properly from the beginning. 

Operations of the type of Estlander’s and Schede’s result in 
probably a permanent marked reduction in the vital capacity, 
besides being associated with a high immediate mortality. 

A marked loss of nitrogen occurs during the acute stage of 
a streptococcus empyema, and, therefore, careful attention 
should be paid to the maintenance of the nutrition of these 
patients. The maintenance of an adequate supply of water is 
also important. 

The experimental results on open pneumothorax seem to 
harmonize satisfactorily with the clinical findings on war 
wounds of the chest [1]. 


One can ask what there is to add. Dr Graham included 
all aspects of the problem of empyema, the mechanics of 
the lung, the nature of the exudate, the method of 
drainage, and chemical decortication. In the addendum 
he answered critics of his conclusions, pointing out that 
“Those who have disagreed with the principles of the 
theory have invariably failed to offer a constructive alter- 
native hypothesis which is at all in accord with all the 
known facts concerning the action of pneumothorax.” 
This earliest work of Evarts A. Graham set a standard that 
marked his other accomplishments—sound reasoning, 
careful evaluation, and courageous confrontation of forces 
opposing rational change. 
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Management of Esophageal Injuries 
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A multiinstitutional study of 39 esophageal injuries 
treated between 1982 and 1988 and a comprehensive 
review of the literature revealed an unacceptably high 
mortality rate of more than 20%. Results of the current 
study indicated that prompt diagnosis and aggressive 
surgical management of esophageal injuries could im- 


| (gues to the esophagus remain a challenge to the 
thoracic surgeon as mortality rates of more than 20% 
continue to be reported. Although the cervical esophagus 
is the most frequently injured portion as a result of external 
penetrating trauma, iatrogenic perforation and spontaneous 
rupture occur often enough in the thoracic and abdominal 
portions to warrant inclusion in any discussion. 

Because much has been written about esophageal in- 
jury [1-3], methods of diagnosis and treatment options 
should be well known to all of us, yet controversy exists 
as to the appropriate management of esophageal injuries 
[4, 5]. Part of the problem in making an early diagnosis is 
that esophageal perforation is not a singular entity. The 
patients are a heterogenous group, with perforations 
occurring from the cervical region to the intraabdominal 
esophagus. Each location of injury poses its own particu- 
lar problems in diagnosis and treatment. The causes of 
injury also vary greatly, from instrumentation or pene- 
trating wounds to spontaneous rupture. Proponents of 
prompt aggressive operative mariagement after early di- 
agnosis have reported marked reductions in overall mor- 
tality (1-3, 5]. Nonetheless, some clinicians who advocate 
nonoperative management have reported equally i impres- 
sive results [4, 6, 7]. 

A multiinstitutional analysis of esophageal injuries occur- 
ring in the greater Delaware Valley area between 1982 and 
1988 was performed, and the pertinent literature was re- 
viewed in an attempt to organize and clarify the factors that 
affect the cause, diagnosis, and treatment of such injuries. 


’ 


Material and Methods 


A retrospective review of the charts of patients with a 
discharge diagnosis of esophageal perforation at five 
institutions* in the greater Delaware Valley area between 
the years 1982 and 1988 revealed 39 patients with esoph- 
ageal injuries. The following data were collected: age, sex, 
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prove the outcome and lower the associated mortality. 
The clinical experience and literature review allowed us 
to elaborate caveats and principles that, if adhered to, 
should improve the outcome in esophageal injuries. 


(Ann Thorac Surg 1989;48:309-14} 


history, physical findings, cause and site of perforation, 
method of diagnosis (eg, chest roentgenogram, contrasi 
radiography, endoscopy, computed tomography, or op- 
erative exploration), treatment, and outcome. Excluded 
were patients with anastomotic leaks or perforations 
secondary to neoplasm, or those in whom the diagnosis 
was made on clinical grounds alone (eg, fever or leuko- 
cytosis after endoscopic procedures). 

Thirty-nine patients were identified with confirmed 
esophageal perforation. There were 21 men and 18 
women with a median age of 55 years. The most frequent 
cause of perforation was instrumentation. Other causes 
were penetrating trauma, spontaneous rupture, para- 
esophageal operation, foreign body, and blunt trauma 
(Table 1). Most perforations occurred in the thoracic 
esophagus; the fewest occurred in the abdominal esoph- 
agus. Seventeen of the 23 thoracic esophageal injuries 
were caused by instrumentation, 12 of which were sus- 
tained during therapeutic dilation and 5 of which were 
sustained during diagnostic endoscopy. Six were sponta- 
neous ruptures. The abdominal esophageal injuries com- 
prised 2 spontaneous ruptures and 1 injury from thera- 
peutic dilation. There were 13 cervical perforations. Eight 
were penetrating wounds, 2 resulted from foreign bodies 
and 2 resulted from instrumentation; 1 blunt trauma 
injury occurred. 

In all, there were 21 iatrogenic injuries: 2 subsequent to 
diagnostic endoscopy, 13 resulting from therapeutic dila- 
tion, 3 secondary to paraesophageal operation, 1 resulting 
from an esophageal obturator airway, 1 resulting from 
cricothyroidotomy, and 1 resulting from variceal sclero- 
therapy. 

Pain was the most frequent symptom (69%), with 
hematemesis, dyspnea, fever, and dysphagia occurring in 
8% to 33% of the patients, respectively. A penetrating 
wound or subcutaneous crepitus suggested the diagnosis 
in 18%. Diagnosis was confirmed by contrast radiography 
in 23 patients (60%) and by endoscopy in 5 (13%). Roent- 
genograms showed abnormal air in soft tissues or free air 
in 10 patients (25%) and pleural effusion in 8 (21%). 
Operation was needed to confirm the diagnosis in 6 
patients (15%). 

All patients received antibiotic therapy and fluid resus- 
citation. The mainstay of nonoperative treatment was 
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Table 1. Causes of Esophageal Perforation 








Cause : n % 
Instrumentation f l 19 49 
Spontaneous rupture 7 18 
Penetrating trauma 7 18 
Paraesophageal operation 3 8 
Foreign body 2 5 
Blunt trauma 1 2 

Total 39 100 





broad-spectrum antibiotics, hyperalimentation, and naso- 
gastric suction. 


Cervical Esophagus 


Eleven wounds in the cervical esophagus were treated 
with primary closure and drainage and 2 were treated 
nonoperatively. The only patient in this group who died 
had been treated operatively within 24 hours of sustaining 
the i injury but had suffered major associated injuries. 


Thoracic Esophagus 


Thirteen wounds in the thoracic esophagus were treated 
operatively and 10 were treated nonoperatively. In the 
operative group, 3 simple drainages, 7 primary closures 
with wide mediastinal drainage, 2’ exclusions and drain- 
age, and 1 resection were performed. Patients who had 
severe associated disease and were not considered suit- 
able for surgical intervention were treated with simple 
drainage. There were 9 deaths (39%) in this group. Only 
1 death occurred in patients treated within 24 hours of 
injury. Eight of the 13 patients treated after 24 hours died, 
4 in the operative group and 4 in the nonoperative group. 


Abdominal Esophagus 


All three abdominal esophageal injuries were treated with 
primary clostire and drainage. Two patients survived. 
Treatment of the patient who died had been delayed for 
more than 24 hours. Overall mortality for the entire study 
group was 28% (11 deaths). Of 26 patients in whom 
definitive therapy was instituted within 24 hours, only 2 
(8%) died, but 9 (69%) of 13 for whom treatment was 
delayed longer than 24 hours died (Figs I and 2). 

The outcomes in nine reported series of esophageal 
injuries, including « our own, are shown in Table 2. Overall 
mortality from esophageal perforations varied from 9% to 
28%. Mortality among patients treated within 24 hours of 
sustaining the injury was substantially less than among 
those for whom diagnosis and treatment were delayed. 
Injuries to the cervical esophagus were associated with 
less mortality than were injuries to the thoracic or abdom- 
inal esophagus. 


Comment 


The esophagus is a unique organ in the gastrointestinal 
tract in that it traverses three anatomical zones, namely 
the neck, the thorax, and the abdomen: Because i in each of 
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Fig 1. Outcome of esophageal injuries relative to mode of therapy, 
(operative [OR] or nonoperative [NON-OR]) and anatomical site. 


these areas it is in intimate contact with other vital organs, 
penetrating injuries rarely inyolve only the esophagus. 
Injuries to the great vessels, whether in the thorax, neck, 
or abdomen, increase the morbidity and mortality associ- 
ated with esophageal injury. Obviously, any injury to 
contiguous structures such as the heart, lungs, larynx and 
trachea, stomach, pancreas, spleen, or spinal cord have 
further negative impact on outcome. In a collected series 
of esophageal i injuries, Mulder and Barkun [15] reported 
mortality rates of 9% to 23%; the latter was associated 
with intrathoracic injuries. Even in a series of more recent 
esophageal injuries, a mortality rate of more than 20% 
was reported. Isolated injuries to the’ esophagus from 
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Fig 2. Outcome of esophageal injuries relative to time interval be- 


tween injury and subsequent treatment (<24 h or >24 h) according 
to anatomical site. 
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other causes, however, have occurred in sufficient num- 
bers to create a body of information that provides sur- 
geons with an understanding of the seriousness of such 
injuries and lends direction to the diagnosis and manage- 
ment of them. 


Cervical Esophagus 


Most cervical esophageal injuries are due to the penetrat- 
ing trauma of gunshot and stab wounds. Far fewer 
penetrating wounds in the cervical esophagus are due to 
instrumentation, blunt trauma, foreign bodies, or endo- 
tracheal or nasogastric intubations [16, 17]. Ordog and 

colleagues [18] reported injuries to the pharynx and 
esophagus in only 6% of 110 bullet wounds of the neck; 
these were primarily associated with wounds in zones II 
and II. Pain, dysphagia, bleeding from the mouth, and 
hemotemesis or hemoptysis signal penetrating esopha- 
geal injury. However, after instrumentation, pain, dys- 
phagia, fever, and subcutaneous emphysema may herald 
perforation. 

. Soft tissue x-ray films of the neck or of the cervical spine 
suggest an esophageal injury if air is present in the soft 
tissues or if the prevertebral shadow is wide. Air in the 
soft tissues is occasionally misleading because injuries to 
the airway present a similar picture. Contrast radiography 
and endoscopy provide the highest diagnostic yield in 
such injuries. In a study by Weigelt and co-workers 
(Weigelt JA, Thal ER, Snyder WH, et al, unpublished 
observations), penetrating .cervical esophageal injuries 
were investigated by contrast radiography, rigid endos- 
copy, and fiberoptic endoscopy. Eighty percent were 
diagnosed by contrast radiography or rigid endoscopy, 
and only 50% were detected by flexible endoscopy. That 
20% of the lesions can be missed by all of these diagnostic 
techniques is of paramount importance. Chest roentgen- 
ography should always be performed in cases of injury to 
the cervical esophagus to rule out hemothorax or pneu- 
mothorax. Angiography may be necessary if an associated 
vascular injury is suspected. 

_ Although some penetrating neck wounds can be 
treated nonoperatively, all esophageal and airway injuries 
should be managed operatively. There is nothing more 
devastating than “spit-fistula’’ contamination of a vascu- 
lar suture line or an airway repair. A two-layered repair 
accurately approximating mucosa to mucosa and muscu- 
laris to muscularis is accomplished with 3-0 or 4-0 poly- 
glactin or polydiozanone suture. The suture line is. but- 
tressed with a pedicle strap muscle flap, and the area is 
thoroughly drained. Broad-spectrum antibiotics are ad- 
ministered perioperatively. Occasionally, a perforation 
cannot be identified even with the esophagus insufflated 
with air under a layer of sterile water. In these instances, 
simple drainage and antibiotic therapy should suffice. 
Select patients with well-localized and contained instru- 
mental perforatiofis that meet the Cameron criteria [4] 
may be managed nonoperatively with antibiotics and 
hyperalimentation. However, the perforation must be 
well contained and drain into the esophagus, and the 
patient must be relatively asymptomatic with minimal 
signs of clinical Sepsis. 
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Thoracic Esophagus 


In injuries to the intrathoracic esophagus, instrumental 
perforation and spontaneous perforation remain the ma- 
jor causes of esophageal injury. Some are caused by 
foreign body penetration, paraesophageal operation, ma- 
nipulation of indwelling therapeutic tubes, traumatic 
intubation; external penetrating wounds, variceal sclero- 
therapy [19, 20], and penetration due to Angelchik anti- 
reflux prosthesis [21]. Perforations of the intrathoracic 
esophagus are potentially lethal because they can result in 
extensive infection of both the mediastinum and pleural 
spaces with myriad organisms, including virulent anaer- 
obic mouth organisms [3]. Decisions regarding appro- 
priate therapy require consideration of the cause of per- 
foration and any underlying disease process(es). All 
penetrating wounds of the thoracic esophagus, all spon- 
taneous ruptures, and all perforations associated with 
distal esophageal obstruction must be promptly diag- 
nosed and managed operatively. Delays in diagnosis or 
management are associated with pronounced increases in 
mortality. 

A report from our institution in 1960 [22] advocated a 
high index of suspicion, early diagnosis, and prompt 
surgical intervention with primary repair and adequate 
drainage in an effort to reduce the morbidity and mortality 
associated with instrumental perforation of the esopha- 
gus. Delays in diagnosis and treatment produced greater 
morbidity and mortality. As a rule, perforations should be 
suspected in anv patient who complains of persistent 
chest or abdominal pain after esophageal instrumen- 
tation. Contrast radiography should be performed to: 
confirm the diagnosis. Widening of the mediastinum, 
pneumomediastinum, pneumothorax, or pleural effusion 
evident on chest roentgenogram may suggest esophageal 
injury. With rare exception, operative intervention should 
be carried out immediately after the diagnosis is estab- 
lished. 

After the edges of the wound are freshened a two- 
layered repair of the perforation should be performed, 
with wide drainage of the mediastinum. The repair is 
always buttressed with a pedicle flap from adjacent pleura 
[23] or intercostal muscle. Any distal esophageal obstruc- 
tion must be attended to appropriately. Strictures can be 
dilated under direct vision or opened longitudinally and 
closed transversely; when such strictures are associated 
with esophageal reflux accompanied by an antireflux 
procedure, the area of repair can be buttressed with a 
fundoplication [14]. Esophagomyotomy should be per- 
formed for achalasia, and the area of perforation should 
be buttressed by a Thal patch or the fundoplication of an 
antireflux procedure. If the distal obstruction is a tumor 
and contamination is not extensive, and if the condition of 
the patient will permit, resection and primary anastamo- 
sis is undertaken. Indwelling or fundoplication to buttress 
the anastamosis, or reinforcement of the anastomosis 
with a pleural or intercostal muscle flap, may minimize 
anastomotic leaks, which are associated with a high 
mortality. 

Spontaneous perforation of the esophagus, first de- 
scribed by Boerhaave [24], refers to disruption of the full 
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thickness of the esophageal wall. It is often associated 
with prolonged or forceful vomiting. Acute upper abdom- 
inal and thoracic pain preceded by episodic or forceful 
vomiting associated with mediastinal or cervical subcuta- 
neous emphysema, or both, suggest perforation. The 
diagnosis can be confirmed by contrast radiography. 

Nasogastric decompression, fluid resuscitation, and an- 
tibiotics are followed immediately by surgical interven- 
tion. Through a left thoracotomy, the mediastinal pleura 
is opened wide and the site of perforation is identified. 
The muscular rent should be lengthened to expose the 
entire mucosal tear, which is often much more extensive 
than the muscuiar tear. Failure to expose the entire rent 
could result in an incomplete closure of the mucosal tear, 
which would lead to suture line leakage [25]. The tissue 
edges are freshened when necessary, and a mucosa- 
to-mucosa and muscularis-to-muscularis two-layered clo- 
sure is performed. The repair is always buttressed. The 
mediastinum and pleural space are thoroughly drained. 

When surgical intervention is late and the tissues will 
not hold sutures well, ʻa variety of surgical options are 
available. Wide drainage of the area alone, partial closure 
of the perforation over a T tube with sump drainage of the 
area, and exclusion with a diverting cervical esophagos- 
tomy and ligation of the distal esophagus with an absorb- 
able suture have all been used successfully. Each proce- 
dure is supplemented by a decompressing gastrostomy 
and feeding jejunostomy [1-3, 19, 26, 27]. These surgical 
procedures are used not only for repair of spontaneous 
ruptures, but for repair of other esophageal injuries as 
well. 

Operative intervention is sometimes necessary to con- 
firm a diagnosis of penetrating wound to the intrathoracic 
esophagus when the location of a foreign body or the 
course taken by a missile suggests an esophageal injury 
that cannot be detected by either contrast radiography or 
endoscopy. If associated injuries require an anterior ap- 
proach through which the esophageal perforation cannot 
be repaired effectively, repairs to adjacent organs should 
be carried out and the patient turned over to approach the 
esophageal injury posterolaterally using the standard 
principles of esophageal repair (K. L. Matton, personal 
communication, May 1988). Nonoperative management 
may be appropriate in select cases of instrumental perfo- 
ration of the thoracic esophagus that meet Cameron’s 
criteria. However, one must keep in mind that delays in 
management are associated with an increase in mortality 
and greater technical difficulty in managing the offending 
pathology. Distinguishing between an early contained 
esophageal injury and one that will cause extensive me- 
diastinal contamination is sometimes extremely difficult. 


Abdominal Esephagus 


The intraabdominal esophagus can rupture spontane- 
ously, or it can be perforated by endoscopic manipulation 
or penetrating injuries; it can also be ruptured by para- 
esophageal operations such as vagotomy, antireflux pro- 
cedures, or hiatal hernia repair. Epigastric pain with signs 
of peritoneal irritation signal perforation. Free air under 
the diaphragm may be evident on an erect chest radio- 
gram, and perforation can be confirmed by contrast radi- 
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ography. The previously stated principles of repair apply. 
and a successful outcome can be achieved by a two- 
layered closure buttressed by fundoplication or an omen- 
tal wrap coupled with decompressing gastrostomy and 
feeding jejunostomy. Morbidity and mortality are greatly 
influenced by associated injuries to the liver, spleen, 
major vessels, or pancreas. 

Caustic injuries of the esophagus occur mostly in chil- 
dren and are caused by ingestion of strong acids or alkalis. 
Industrial strength alkalis usually affect the esophagus, 
whereas strong acids affect the stomach. Endoscopy 
within the first 24 hours is performed to assess the extent 
of the injury and to determine its severity. Industrial 
strength lye always causes severe injuries, usually circum- 
ferential and associated with white patchy eschar. Stric- 
ture formation and the need for esophageal replacement 
are determined by the depth of the burn. Steroids have 
been ineffectual in altering the course of these burns [28]. 
A baseline barium swallow should be obtained. 

The objective of therapy is to restore normal swallowing 
function. If the burn is severe, a gastrostomy should te 
performed, and the patient should be instructed to swal- 
low a string as a guide for subsequent dilations. If the 
burn is mild, endoscopy is repeated after 3 weeks to 
reassess healing or stricture formation. If the burn is 
moderate, or if a stricture develops, antegrade dilations 
are necessary at periodic intervals for up to a year. If 
antegrade dilation fails, or if the burn or stricture is 
severe, retrograde dilation with Horst dilators should be 
attempted every ten days to 2 weeks. If this procedure is 
effective, antegrade dilation can be started in 3 to 6 
months and the gastrostomy closed. If retrograde dilation 
proves ineffective, esophageal replacement with either 
colon, stomach, or a reversed gastric tube should be 
considered. 


Conclusions 


Certain caveats and principles related to esophageal inju- 
ries have evolved from our experience and from the 
wealth of information available in the surgical literature. 
Most penetrating esophageal wounds occur in the neck. 
Perforations in the cervical esophagus have low morbidity 
and mortality if treated within the first 24 hours [11, 14, 
29]. Most instrumental and spontaneous perforations 
occur within the thoracic esophagus. Instrumental perfo- 
rations result more often from therapeutic dilation than 
from diagnostic endoscopy [30]. When pain or fever 
develops, either with or without subcutaneous emphy- 
sema, after instrumentation, perforation should be sus- 
pected [31]. The diagnosis can often be confirmed by 
contrast radiography using Gastrografin or barium sulfate 
[29]. The associated morbidity and mortality arise from 
the overwhelming sepsis caused by the myriad aerotes 
and anaerobes that contaminate the periesophageal re- 
gion. Spontaneous perforations result in higher mortality 
than do instrumental perforations [10, 25, 27, 32]. 
Prompt recognition of the esophageal injury followed 
by surgical repair is the preferred method of treatment 
and produces the most favorable outcome. Operative 
procedures vary with the location and type of injurv. 
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Drainage alone, primary repair and drainage, repair either 
with or without resection of the offending pathology with 
restoration of gastrointestinal continuity, and exclusion 
with or without resection are among the treatment op- 
tions. Buttressing of the repaired perforation with viable 
tissue appears to improve the outcome. Delays in treat- 
ment are associated with an unacceptable mortality rate. 
Multiple operations needed to manage complications also 
increase mortality. Nonoperative management appears to 
be applicable to only a small, select group of patients who 
manifest no clinical signs of sepsis and have minimal, 
well-contained injuries. 
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Management of Difficult Sternal Closure After Sternal 
Infection 
To the Editar: 


In spite of antibiotics and good surgical technique, sternal infec- 
tion occurs in a small proportion of patients undergoing coronary 
operations. The incidence of infection with the use of bilateral 
mammary arteries for coronary bypass grafting has been re- 
ported to be as high as 8.5% [1] and as low as 1.6% to 4.0% [2, 3]. 

In those situations in which infection occurs in the superficial 
soft tissues only and has not resulted in serious destruction or 
fracture of the sternum, primary closure with wire in a routine 
fashion can often be performed after a limited period of open 
drainage. At the time of closure mediastinal tissues are closely 
adherent to the underside of the sternum and there is no distinct 
surgical plane. In this setting, difficulties can be encountered in 
placing wires in or around the sternum to obtain secure and safe 
closure. Saphenous veins and mammary arteries are at risk of 
being damaged because dissection under the sternal halves can 
be tedious and hazardous. The exact location of these conduits is 
unknown without repeat angiography. 

We have recently had the unfortunate experience of reclosing 
a patient's sternum because of nonunion and inadvertently 
placing the sternal wire around the left internal mammary artery 
graft. This was not suspected or discovered at operation and 
resulted in the patient’s death several hours later. This was 
verified at autopsy. 

We subsequently encountered a patient with a superficial 
wound infection after coronary bypass grafting with bilateral 
internal mammary arteries. There was no destruction or involve- 
ment of the sternum or mediastinum. He was treated by reopen- 
ing of the wound, removal of all sternal wires, wet to dry 
dressings, and antibiotic therapy. Sixteen days later, after reso- 
lution of local signs and symptoms of infection, the patient's 
wound was closed utilizing a new technique. 

No attempt was made to mobilize soft tissues on the underside 
of either sternal half. The sternal wire was brought down at 90 
degrees to the outer table of the sternum, and the wire was 
brought out straight through the marrow just superior to the 
inner table (Fig 1). The needle was then advanced through the 
marrow on the opposite side just above the inner table, keeping 
the curve of the needle parallel to the inner table. In this manner 
all wires passed anterior to the inner table of the sternum, 
thereby avoiding all grafts. The sternum was then approximated 


Fig 1. Method of insertion of sternal wires avoiding underlying 
grafts. 


© 1989 by The Society of Thoracic Surgeons 


by the application of pressure to both sides of the chest by the 
surgeon and assistant. When the edges were approximated, the 
wires were twisted and secured. 

The wound healed promptly with no evidence of sternal 
instability or residual infection. Six months later the wound is 
healed and the sternum is solid. The patient has recently under- 
gone an uneventful transurethral resection of the prostate. 

As this technique obviously does not encompass as much bony 
mass as the usual wire closure, we would suggest that certain 
criteria be met before use. The sternal edges must be no more 
than one half to three quarters of an inch apart initially, and the 
integrity of the sternum must be well maintained with no major 
fracture or instability of either sternal half. This technique obvi- 
ously would not be suitable if any destruction or fracture of the 
sternum has occurred, in which case the use of vascularized 
pedicle flaps might be more appropriate [4]. 
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Ectopic Ossification After Median Sternotomy 
To the Editor: 


Over a span of 11 years, during which we have performed over 
4,000 heart operations through a median sternotomy, we have 
encountered 4 cases of ectopic ossification extending from the 
xiphoid into the fascia of the rectus abdominis. We have been 





Fig 1. (Patient 1.) Excised specimen of ectopic ossification. 
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Table 1. Ectopic Ossification Findings 


Operation Ossifi- 
to Ossifi- cation to 


Patient Age Physical cation? . Excision 
No. (yr) Sex Operation Symptoms Examination Pathology (mo) (mo) Result 
1 60 M CABG Epigastric pain, 6-cm bony mass 4 X 11.5-cm ectopic 2 14 No recurrence, 6 yr 
bending from xiphoid bone 
caudally 
2 60 M CABG Epigastric pain, Bony epigastric 3 x 7-cm ectopic 11 0 Recurrence, 13 days, 
i worse bending mass bone but softer and no 
f further change at 
8yr f 
3 48 M CABG, LVA, Epigastric pain, Bony epigastric 2 x 6-cm ectopic 1 17 No recurrence at 18 
endocardial worse bending mass, xiphoid bone ‘mo 
excision nearly to 
umbilicus 
4 30 F Median Epigastric pain, Bony mass, 6 X 30-cm ectopic 8 5 No recurrence at 18 
sternotomy, worse bending xiphoid bone mo; continued 
laparotomy nearly to growth from time 
for liver pubis noted to excision 
rupture 


* Time patient first noticed the ectopic ossification. 


CABG = coronary artery bypass grafting; LVA = 


unable to find a description of this phenomenon after median 
sternotomies. 

The following case illustrates the findings. A 60-year-old man 
had elective aortccoronary saphenous vein revascularization in 
1977 via‘a median sternotomy. Two months later, he noted a 
painful epigastric mass attached to the xiphoid. Bending forward 
exacerbated the pain. Fifteen months after the operation, exam- 
ination disclosed a 6-cm hard mass fixed to and extending 
caudally from the xiphoid midway to the umbilicus. At the time 
of excision, a cratered, crevassed, markedly irregular piece of 
new bone was excised (Fig 1). It was 11.5 cm long, and tapered 
from 4 cm to 0.6 cm wide. The ectopic bone lay in the fascia of the 
rectus abdominis and was limited to the length of the epigastric 
extension of the old incision. When the patient died in 1985, the 


- mass had not recurred. 


Two other patients had similar formation of ectopic ossification 
after coronary revascularization with saphenous vein. One of 
these patients had recurrence of the mass within 2 weeks of its 
excision! The fourth patient had a long incision beginning with a 
median sternotomy and ending at the pubis for the emergency 
treatment of massive abdominal and chest trauma. Her ectopic 
ossification extended from xiphoid to pubis. All 4 patients had in 
common a longer than usual extension of the median sternotomy 
into the abdomen. Three of the 4 patients had no recurrence after 
excision. Table 1 summarizes these cases. 

Ectopic ossification has been described in a number of situa- 
tions: after traumatic paraplegia [1], after hip arthroplasties [2-4], 
and occasionally in laparotomy scars [5-8]. In these laparotomy 
scars, 95% of the new bones extended from the xiphoid, and 
none have been reported in transverse incisions. Other peculiar 
forms of posttraumatic ectopic ossification have been described 
[9] and include Prussian’s or rider's bone (adductor longus 
calcification from horse riding), cavalry bone (in the outer thigh 
from the bruising of scabbards), drill bones (deltoid or pectoral 
ossification from vifle recoil), gastrocnemius ossification in ballet 
dancers, and the self-explanatory seamstress’s bottom. In all 
cases, the new bone has been benign. 

The cause of this malady is unknown. Two causal theories 
suggested are injury to the xiphoid with seeding of periosteal or 


left ventricular aneurysmectomy. 


perichondrial cells in the incision and metaplasia of multipotent 
connective tissue cells to osteogenic cells. As the new bone 
formation has been confined to the abdominal extension of the 
median sternotomy, limiting this extension should limit or elim- 
inate symptomatic ectopic ossification after median sternotomies. 
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EVENTS OF INTEREST 


Brief notices of meetings, courses, and symposia relevant 
to cardiothoracic surgery are published as a service. They 
should be formatted as follows: meeting title, date, place, 
sponsor, accreditation, director, fee, minimum/maximum 
attendance, and address/phone for further information. 


Third Annual Meeting of the European Society 
for Vascular Surgery, Malmö, Sweden— 
September 3-5, 1989 


A satellite symposium on pharmacological intervention to 
increase patency in arterial reconstructions will be held in 
the same location on September 6-7, 1989. For informa- 
tion on both symposia, contact the Congress Organisation 
Bureau, ESVS 89, c/o ICM AB, Geijersgatan 50, S-216 19 
Malmö, Sweden. 


Nineteenth World Congress of The International 
Society for Cardiovascular Surgery, Toronto, 
Ontario, Canada—September 5-9, 1989 

For information on this meeting, contact XIX World Con- 
gress, ISCVS Administrative Offices, 13 Elm St, Manches- 
ter, MA 01944; or telephone (508) 526-8330. 


Fourth World Congress of the International 
Society for Diseases of the Esophagus, Chicago, 
Ilinois—September 6-8, 1989 


This meeting is sponsored by the American College of 
Chest Physicians and Smith Kline & French Laboratories 
and is accredited for hour-to-hour credit in category 1 of 
the Physician’s Recognition Award of the AMA. For 
information, contact the American College of Chest Phy- 
sicians, PO Box 93826, Chicago, IL 60673. 


The Third Current Controversies & Techniques in 
Congenital Heart Surgery, Baltimore, 
Maryland—September 8-9, 1989 


Sponsored by the University of Nebraska Medical Center. 
For information on this meeting, contact Terry Slade 
Young, Current Controversies and Techniques in Con- 
genital Heart Surgery, 11 S Paca St, University Square 
Bldg, Suite 304, Baltimore, MD 21201; or telephone (301) 
328-2399 (facsimile: (301) 328-8514). 


Announcements should be sent at least 4 months in 
advance of publication to The Annals of Thoracic Surgery, 
3108 Queeny Tower, Barnes Hospital Plaza, St. Louis, 
MO _ 63110-1041; telephone, (314) 361-6084. 


Twenty-fifth Annual Meeting of The Society of 
Thoracic Surgeons, Baltimore, Maryland— 
September 11-13, 1989 

For information on this meeting, contact George C. Kaiser, 
MD, The Society of Thoracic Surgeons, 111 East Wacker 
Dr, Chicago, IL 60601-4301; or telephone (312) 644-6610. 


Thirty-eighth Annual Meeting of The 
Scandanavian Association for Thoracic and 
Cardiovascular Surgery and The Scandanavian 
Society for Extracorporeal Technology, Aarhus, 
Denmark—September 13-16, 1989 


For information on this meeting, contact the Secretary of 
the Congress Committee SATCVS/SCANSECT, Chr. 
Mouritzen, MD, Department of Thoracic and Cardiovas- 
cular Surgery, Skejby Sygehus-Aarhus University Hospi- 
tal, DK-8200 Aarhus N, Denmark. 


Third Annual Meeting of the European 
Association for Cardio-Thoracic Surgery, 
Munich, Federal Republic of Germany— 
October 9-11, 1989 


For information on this meeting, contact Organizing Sec- 
retariat, Interplan Convention and Visitor Service, So- 
phienstrasse 1, D-8000 Munich 2, FRG; or telephone 089 
59 44 92 (telex: 523183 iplan d; facsimile: 089 59 16 10). 


Sixth World Congress of Bronchoesophagology, 
Tokyo, Japan—October 15-18, 1989 

This meeting is sponsored by the Organizing Committee 
of the Sixth World Congress of Bronchoesophagology, the 
Japan Broncho-esophagological Society, and the Founda- 
tion for Advancement of International Science under the 
auspices of the International Bronchoesophagological So- 
ciety. For information, contact the Secretariat of the Sixth 


World Congress of Bronchoesophagology, c/o Japan Con- 
vention Services, Inc, Press Center Bldg, 2-2-1 Uchisaiwai- 
cho, Chiyoda-ku, Tokyo 100, Japan; or telephone 03-508- 
1213 (telex: J33104; facsimile: 03-508-0820). 


American College of Surgeons, Atlanta, 
Georgia—October 15-20, 1989 

For information on this meeting, contact American Col- 
lege of Surgeons, 55 E Erie St, Chicago, IL 60611; or 
telephone (312) 664-4050. 


Sixteenth World Congress on Diseases of the 
Chest and the Fifty-fifth Annual Scientific 
Assembly, American-College of Chest Physicians, 
Boston, Massachusetts— 

October 30-November 3, 1989 

This meeting is sponsored by the American College of 
Chest Physicians and the International Academy of Chest 
Physicians and Surgeons. For information, contact the 
American College of Chest Physicians, 911 Busse High- 
way, Park Ridge, IL 60068; or telephone (312) 698-2200. 


Thirty-sixth Annual Meeting of the Southern 
Thoracic Surgical Association, Scottsdale, 
Arizona—November 9-11, 1989 

For information on this meeting, contact Gordon F. Murray, 
MD, Southern Thoracic Surgical Association, 111 East 
Wacker Dr, Chicago, IL 60601-4301; or ae PHOESN (312) 
644-6610. 


Sixty-second Scientific Session of the American 
Heart Association, New Orleans, 
Louisiana—November 13-16, 1989 

For information on this meeting, contact American Heart 
Association, 7320 Greenville Ave, Dallas, TX 75231; or 
telephone (214) 750-5300. 


Twenty-fifth Anniversary—Open Heart Surgery, 
Jerusalem, Israel—December 28, 1989- 

January 1, 1990 

For information on this meeting, contact Joseph B. Bor- 
man, MD, or the Secretariat, PO Box 32390, Jerusalem 
91323, Israel; cr telephone 972-2-663171 (telex: 26205 
TRGBL IL; facsimile: 972-2-665277). 
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Specialty Review in Thoracic Surgery, Chicago, 
Illinois—January 8-13, 1990 

This course is sponsored by the Cook County Graduate 
School of Medicine and is accredited for approximately 47 
hours in category 1 of the Physician’s Recognition Award 
of the AMA. For information, contact the Registrar's 
office: within Illinois, 1 (800) 621- 4649; outside Illinois, 
1 (800) 621-4651. 


Twenty-seventh Annual Seminar—Coronary 
Atherosclerosis: New Diagnostic and 
Therapeutic Approaches, Orlando, Florida— 
January 28-February 1, 1990. 


This seminar is sponsored by the Departments of Radiol- 
ogy and Cardiology, Mount Sinai Medical Center of 
Greater Miami, Miami Beach, FL, and is accredited for 
20.5 hours in category 1 of the Physician’s. Recognition 
Award of the AMA. For information on this meeting, 
contact Lucy R. Kelley, Program Coordinator, Radiology 
Seminars, Inc, PO Box 143762, Coral Gables, FL 33114- 
3762; or telephone (305) 674-2810. 


Nineteenth Annual Meeting of the German 
Society for Thoracic, Cardiac, and Vascular 
Surgery, Bad Nauheim, Federal Republic of 
Germany—February 22-24, 1990 

For information on this meeting, contact Hagen D. 
Schulte, MD, Professor of Surgery, Department of Tho- 
racic and Cardiovascular Surgery, Heinrich-Heine- 
University, Moorenstrasse 5, D-4000 Dusseldorf, Federal 
Republic of Germany. 


Aortic Surgery Symposium II, New York, 

New York—May 4-5, 1990 

This symposium is sponsored by Meadox Medicals, Inc, 
and is accredited for 15 hours in category 1 of the 
Physician’s Recognition Award of the AMA and toward 
the New York Medical Association Certificate in Continu- 
ing Medical Education. For information, contact Beverly 
Farrier, Symposium Coordinator, ProMedica Interna- 
tional, 620 Newport Center Drive, Suite 575, Newport 
Beach, CA 92660. 


Seventh Congress of the European Society of 
Biomechanics, Aarhus, Denmark—July 8-11, 1990 


For information on this meeting, contact Seventh Con- 
gress of ESB, Biomechanics Laboratory, Orthopaedic Hos- 
pital, Randersvej 1, 8200 Aarhus N, Denmark; or tele- 
phone 45-616-7500, extension 4649. 


CLASSIFIED ADS 


Classified ads for positions wanted or available must relate only 
to the thoracic or cardiovascular surgical specialties. Display 
space (minimum, % page) is also available through Media for 
Medicine, Inc, 440 Park Avenue South, New York, NY 10016 
(telephone: (212) 684-5540; facsimile: (212) 545-0651). All ads are 
subject to the approval of the editor, and material deemed 
inappropriate for publication in The Annals will be rejected. If 
anonymity is desired, please indicate this at the time of submis- 


sion and a code number will be assigned. All responses received _ 


will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. The charge for all 
classified advertising is $1.10 per word per insertion, minimum 
20 words. Abbreviations, dates, initials, post office box numbers, 
telephone numbers, years, and zip codes are considered one 
word each. There is an additional fee of $15.00 per insertion for 
box number ads. The copy deadline is 7 weeks prior to publica- 
tion, eg, for the March issue, copy should be received by the Ist 
of January. Ad orders should be for a maximum of 6 months; ads 
may be renewed for up to 6 months at a time. Ad copy should be 
typed double-spaced and mailed in duplicate to: The Annals of 
Thoracic Surgery, Desk Editorial, Classified Ads, Elsevier Science 
Publishing Co, Inc, 655 Avenue of the Americas, New York, 
NY 10010 (facsimile: (212) 633-3695). Make nonrefundable check 
payable to Elsevier Science Publishing Co, Inc. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised positions. 
When answering advertisements, please write individually to 
each advertiser you wish to contact, using the address given in 
the ad. To respond to an anonymous ad, write to Box Number, 
The Annals of Thoracic Surgery, Elsevier Science Publishing, 655 
Avenue of the Americas, New York, NY 10010. 


SITUATIONS AVAILABLE 


Cardiothoracic surgeon needed for rapidly expanding program 
located in a coastal area of the Southeast. Private practice, 
primarily adult cardiac and thoracic. BC/BE required. Respond 
with curriculum vitae and names of references. 


Please respond to Box 102. 102G/C 





Cardiothoracic surgeon, board certified with 2 to 4 years experi- 
ence in cardiac surgery, wanted to join a growing group of 
cardiac surgeons, cardiologists, and pulmonologists in the Pacific 
Northwest. General thoracic and vascular experience necessary. 
Research opportunities available, academic links possible. Salary 
leading to full partnership in 2 or 3 years; potential exists for 
leadership in major cardiac program. 


Please send curriculum vitae to John R. Bauman, Administrator 
at The Thoracic Clinic, PC, 507 NE 47th Ave, Portland, 
OR 97213-2282. 124C/1 





Cardiothoracic and vascular surgeon, board eligible/certified 
with experience in adult cardiac thoracic and vascular surgery, 
wanted to join well established 2-surgeon practice located in 
South Florida. Send CV. 


Please respond to Box 105. 105C/B 








Cardiovascular and thoracic surgeon: Excellent opportunity for a 
board certified/eligible cardiovascular and thoracic surgeon to 
join a large cardiac surgery group in southern California. Must 
have a minimum of 1 year experience in pediatric and neonate 
cardiac surgery (including fellowship). Excellent fringe benefits. 
Respond with curriculum vitae. 


Please respond to Box 144. 144E/D 





Cardiothoracic surgeon to join established group in northwest 
Indiana (very near Chicago). Excellent salary. Please respond 
with curriculum vitae. 


Please respond to Box 104. 104C/H 





Cardiothoracic surgeon: Board certified or eligible is sought to 
join an academic practice in the Midwest. Opportunity to become 
active and contribute to a growing cardiothoracic transplantation 
program, Excellent research opportunities available. 


Direct curriculum vitae or inquiries to J. Terrance Davis, MD, 
Medical College of Ohio, C.S. #10008, Toledo, OH 43699. An 
equal opportunity employer. 153F/1 





Cardiovascular and thoracic surgeon, BE/BC, wanted to join a 
busy private practice in Pittsburgh, PA. Please respond with 
curriculum vitae and details of experience. 


Please respond to Box 157. 157F/H 





Cardiothoracic/vascular surgeon wanted to join established prac- 
tice in Ohio. Recent graduate preferred. Please submit curricu- 
lum vitae and three references. 


Please respond to Box 172. 172G/K 





Cardiac surgeon needed for growing open heart program. Our 
service area encompasses more than 200,000 people in the 
intermountain West. Our program offers an extremely modern 
practice in Idaho’s newest and largest referral center. Commutes 
average 10 minutes on uncrowded country roads. Recreation 
opportunities include some of the Rockies’ finest skiing, hunting, 
fishing, camping, and hiking. For the right board eligible/certified 
cardiovascular surgeon, this position combines a fully supported 
cardiac practice with big country living. 


Please respond to Box 174. 174G4 





Thoracic surgeon: Board certified or eligible. Interested in prac- 
tice of thoracic, vascular, and general surgery in the greater 
Cincinnati area. Send resume. 


Please respond to Box 170. 170G/I 
Cardiac transplant surgeon: Major cardiac surgery center with 
university affiliation and approved residency program in east 
coast city seeks board certified thoracic surgeon with heart 
transplant experience to direct the transplant program. Full open 
heart practice and partnership opportunity offered as well. Ex- 
cellent salary and benefits. Please send curriculum vitae. 


Please respond to Box 166. 166GH 





Cardiovascular and thoracic surgeon, board eligible or certified, 
to join expanding practice in Rocky Mountain region. Salary 
leading to full partnership. Please send CV and references. 


Please respond to Box 165. 165G/} 
Thoracic and cardiovascular surgeon, board certified or eligible, 
wanted for an established practice in the Midwest with experi- 
ence in adult cardiac, thoracic, and peripheral vascular surgery. 
Experience or training in heart/lung transplantation preferred. 
Initial contact should include curriculum vitae, clinical experi- 
ence, and names of references. 


Please respond to Box 162. 162G/] 





Additional cardiothoracic surgeon, BC/BE, to join expanding 
practice of cardiac/thoracic surgery at 500-bed affiliate of major 
medical center in Midwest. Skills in internal mammary grafting, 
valve repair, ventricular assist important, and familiarity with 
electrophysiological procedures desired. Excellent investigational 
facilities available with ample opportunity for clinical or basic 
science research. Private practice with academic affiliation—solid 
general surgery residency with active medical student participa- 
tion. Salaried position leading to eventual partnership for the 
right individual. Send CV. 


Please respond to Box 178. 178G/I 





Thoracic surgeon needed to join solo cardiothoracic surgeon in 
Pittsburgh, Pennsylvania. Fellows finishing 1990 and surgeons 


A-40 


less than 4 years out of fellowship encouraged to apply. Com- 
petitive compensation leading to partnership. 


Please respond to Box 180. 180HI 
PA-C, preferably experienced, wanted for a targe, established, 
private practice group in adult and pediatric cardiothoracic sur- 
gery. Located 20 minutes from downtown San Francisco. Benefits 
include CME, medical benefits, malpractice insurance, and a 
profit-sharing plan. Salary negotiable. 


Send CV to Roger Ecker, MD, 365 Hawthorne Ave, Suite 301, 
Oakland, CA 94609. 181HI 


Assistant surgeon—Preferably experienced in cardiothoracic sur- 
gery to first assist in the operating room. Active adult and 
pediatric cardiovascular surgery practice in metropolitan DC 
area. Practice includes arrhythmia and vascular surgery, and 
. cardiac transplantation. 


Please respond with curriculum vitae outlining training and 

recent surgical experience to Virginia Heart Surgery Associates, 

3301 Woodburn Road, Suite 301, Annandale, VA 22003. 
183H/ 


Cardiothoracic surgeon: Private practice position, Great Lakes, 
adult cardiothoracic and vascular surgery. Must be currently 
active in cardiac surgery. Send CV and references. 


Please respond to Box 184. 184HI 
Cardiovascular/thoracic surgeon, BC/BE, needed to join busy 
expanding private practice in Colorado Springs. Adult and pedi- 
atric cardiothoracic and some vascular. Initial contact should 
include curriculum vitae and references. 


Please send CV and three reference letters to E. S. Yee, MD, 
Director of Cardiovascular Surgery, 1725 E Boulder St, Suite 104, 
Colorado Springs, CO 80909. 185H/ 


Chairperson, Department of Thoracic-Cardiovascular Surgery. 
Winthrop-Universitv Hospital, a 533-bed tertiary care hospital of 
SUNY Stony Brook, is seeking candidates to chair its Cardiotho- 
racic Department. Applicants should have strong clinical, teach- 
ing, and administrative skills, as well as a commitment to 
research. The department conducts a fully approved open heart 
program and performs a large volume of thoracic and vascular 
surgery. The hospital will support a fellowship program and 
research activities. 


Send CV to Alan Fein, MD, Chairman, TCV Search Committee, 
Winthrop-University Hospital, c/o 222 Station Plaza No., Suite 
400, Mineola, NY 11501. 186H/J 





Cardiothoracic/vascular surgeons: St. Francis Hospital—The 
Heart Center—a 227-bed teaching center, is the only designated 
cardiac specialty hospital in NY State. We are seeking cardiotho- 
racic and vascular surgeons (2) to join a geographic full-time 
private group providing surgical assistance. Reimbursement is to 
be on a modified fee-for-service basis. Successful candidates will 
be expected to assist on approximately 350 open heart cases per 
year and share responsibility for ICU coverage. 


For immediate consideration, send CV to William J. Noble, MD, 
or Norman B. Thompson, MD, St. Francis Hospital, 100 Port 
Washington Blvd, Roslyn, NY 11576. An equal opportunity 
employer. 187H 


Cardiothoracic surgeon, board certified or eligible, wanted to join 
established 5-man practice. Experience required in transplanta- 
tion, adult cardiac surgery, and thoracic surgery. Northwest city 
with easy lifestyle and outdoor activities. Salary leading to 
partnership. 


188H/ 
Cardiothoracic surgeon wanted for a busy, expanding, 3-man, 


private practice group in the Midwest. Applicant must be ABTS 
eligible or certified. Prefer recent graduate with some back- 


Please respond to Box 188. 


Please respond to Box 190. 


ground in electrophysiologic surgery. Please send curriculum 
vitae. 


Please respond to Box 189. 189H/A 
Cardiac surgeon urgently needed for 2-year old practice in 
Northwest. Very early parity in case distribution, salary, and 
partnership. Board eligible-certified candidates submit curricu- 
lum vitae and references. 


190HI 


Cardiovascular and thoracic surgeon wanted for growing prac- 
tice in the Southwest. Applicant must be ABTS eligible or 
certified. Send curriculum vitae. 


Please respond to Box 193. 193H 





Cardiovascular and thoracic surgeon: Position available for a 
board certified or eligible cardiovascular and thoracic surgeon to 
join a 3-man private practice involved with adult cardiac, tho- 
racic, and peripheral vascular surgery in a desirable eastern 
metropolitan area. Association will lead to competitive salary, 
excellent fringe benefits, and early partnership. Please send 
curriculum vitae. 


Please respond to Box 192. 192H/K 





Cardiovascular physician assistant needed for growing cardiac 
surgical practice in Northwest. Competitive salary, privileges, 
and call schedule to allow advantage of excellent geographic 
location. 


Please respond to Box 191. 191HI 





Three-man group currently performing adult cardiac, thoracic, 
and vascular surgery in desirable northeast location. Seeking 
associate leading to partnership. Candidate must be BC/BE. 


Please respond to Box 194. 194H/J 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon wishes to relocate. Univer- 
sity trained with ABTS certification. Ten years’ experience with 
extensive cardiac, thoracic, and peripheral vascular surgery. 
Would be interested in starting new program or association with 
group. Curriculum vitae and references available upon request. 


Please respond to Box 117. 117C/H 
Cardiovascular and thoracic surgeon, 37, ABS, ABTS, person- 
able, strong technical skills and patient care, interested in joining 
group or starting new program. 


Please respond to Box 133. 133E/H 
Cardiovascular and thoracic surgeon wishes to relocate. ABS, 
ABTS with 10 years experience in adult cardiac, thoracic, and 
peripheral vascular surgery. All areas considered. Willing to 
initiate or help initiate new program. 


Please respond to Box 136. 136E/H 
Cardiovascular and thoracic surgeon, 42, American, ABS, ABTS, 
ABVS. Eight years private practice experience. Completed over- 
seas fellowship in heart and heart/lung transplantation. Seeks 
opportunity with individual or group practice of cardiovascular 
and thoracic surgery. Curriculum vitae and references upon 
request. i 


Please respond to Box 199. 199G/I 


FELLOWSHIPS 


Fellowship in thoracic and cardiovascular surgery at Baylor 
University Medical Center. 


Contact Dr Harold C. Urschel, 3600 Gaston Avenue, Suite 1201, 
Dallas, TX 7524€; telephone (214) 824-2503. 129G/L 


Physicians—Cardiothoracic fellowships available immediately; 
for cardiac center located on the north shore of Long Island with 
a busy program ir. adult and pediatric cardiac surgery. Opportu- 
nity for outstanding candidates at conclusion of fellowship to join 
full-time private practice associate group specializing in cardiac 
surgery. Applicants must have completed training in general 
surgery with special interest and/or training in cardiothoracic 
surgery. Salary commensurate with qualifications; excellent 
fringe benefits. 


Resumes and references should be forwarded to Coordinator, 

Medical Staff Affairs, St. Francis Hospital, 100 Port Washington 

Blvd, se NY 11576. An equal opportunity employer. 
158F/H 


Vascular surgeon fellow: Deborah Heart & Lung Center is 
currently seeking qualified physician for fellowship training or 
surgical rotations in adult vascular surgery. Outstanding educa- 
tional opportunities with excellent salary and benefits. 


Please contact Lynn B. McGrath, MD, Chairman, Department of 
Surgery, Deborah Heart & Lung Center, Browns Mills, NJ 08015; 
(609) 893-6611, Ext 634. 175G/ 


Surgical fellow—Clinical fellowship position available in adult 
and pediatric cardiothoracic surgery. Large volume of cases. NJ 
license required. Excellent salary and benefits. 


A-é1 


Please contact Lynn B. McGrath, MD, Department of Surgery, 
Deborah Heart & Lung Center, Browns Mills, NJ 08015. 
167GL 


Pediatric cardiovascular fellowship position available 7/89 for 
board credit at Children’s Hospital of New Jersey for 4 months. 
Must have New Jersey license. 


Contact Joseph J. Amato, MD, Director, Department of Pediatric 
Cardiovascular Surgery, Children’s Hospital of New Jersey 
(UHMC), 15 South Ninth St, Newark, N] 07107; (201) 268-8606. 

179GH 


Cardiac Surgery Fellow—Clinical position for 1 or 2 years in very 
busy private practice in northern Virginia doing adult cardiac, 
thoracic, and vascular surgery, pediatric cardiac surgery, and 
cardiac transplantation. Responsibilities include perioperative 
care on surgical floor and intensive care unit and first assisting in 
surgery. Ideal position for resident having completed general 
surgery and waiting for cardiothoracic training program. Excel- 
lent salary and benefits. ABS eligible or certified. 


Please respond with curriculum vitae with a description of 
personal interests and career goals to Virginia Heart Surgery 
Associates, 3301 Woodburn Road, Suite 301, Annandale, 
VA 22003. 182HJ 


INDEX TO ADVERTISERS 


Atrium Medical Corp. 
Chest Drains 


Axiom Medical 
Thoracic Trocar 


Bristol-Myers Oncology Div. 


Blenoxane 


Carbomedics 


Prosthetic Hear: Valve 


CryoLife, Inc. 
Cryopreservation 


Ethicon 
Corporate 


Futura Publishing Co 
Gish Biomedical, Inc. 


J & J Patient Care 
Thrombogen 


Lankenau Hospital 


Eli Lilly & Co. 
Dobutrex 


Shiley, Inc. 


2nd Cover, Al 


4th Cover 


A17 thru A20 


A27, A28 


3rd Cover 


Monostrut (International Circulation) 


Stat-P (Domestic Circulation) 


Stackhouse Associates, Inc. 
. Freedom Mark III 


Vitalcor ; 
Balloon Tip Catheters 


Edward Weck & Co. 
Superstat 


Classified Advertising 


A33 thru A36 


A39 thru A41 


- Advertising Office: Media for Medicine, Inc., 440° Park 
Avenue South, 14th Floor, New York, New York 10016. 
Telephone: (212) 684-5540. Fax #: (212) 545-0651. Sales 
` Representatives: Jack Gilchrist, Steve Kavalgian. Production 


_, Manager: Pat Hemsworth 





The Pharmacological 
Treatment of 
Cardiovascular Diseasés 


Edited by ` 


John B. Kostis, M.D., Professor of Medicine and ; 
Chief Division of Cardiovascular Diseases and Hypertension, 
UMDN)-Rutgers Medical School; New Brunswick, New Jersey 


Eugene A. DeFelice,.M. D., Clinical Professor 
of Medicine, Division of Cardiovascular Diseases and 
Hypertension, UMDNJ-Rutgers Medical School, New 
Brunswick, New Jersey 


This brarid new volume presents a complete survey of the 
pharmacological treatment of cardiovascular diseases. Compre- 
hensive descriptions of the manifestations of a wide range of 
cardiovascular diseases and their pathophysiology are detailed 
in this 408 page, 22 chapter text. Highlighted are all aspects 

of those disorders most commonly encountered in clinical 
practice aiid the appropriate pharmacologic agents needed for 
effective treatment. 


The text is divided into sections that provide in-depth coverage 
of the following topics: _ 

e Hypertension e Heart Failure 

* Angina Pectoris @ Myocardial Infarction: 

® Arrhythmias 


The Pharmacological Treatment of Cardiovascular Diseases | 

also contains these useful features: 

è Summary tables showing drug comparisons, their efficacy, 
and adverse reactions 

e Reference lists at the end of each chapter that provide infor- 
mation for further study 


Contents: _ 

PART ONE: HYPERTENSION k 

Beta Blockers in the Treatment of Hypertension « Diuretics 
and Potassium Supplements in the Treatment of Hypertension 
+ Drug Therapy of Hypertension: Role of Converting Enzyme 
Inhibition * Alpha-Adrenergic Antagonists in the Treatment of 
Hypertension + Calcium Channel Blockers in the Treatment of 
Systemic Hypertension + Selection of Initial Therapy in Essen- 
tial Hypertension 

PART TWO: ANGINA PECTORIS , : 

The Roles of Nitrates in the Treatment of Myocardial Ischemia + 
Beta Blockers for Angina Pectoris » Use of the Calcium Channel 
Blocking Agents in the Treatment of Angina Pectoris + New 
Horizons in the Management of Angina Pectoris 

PART THREE: ARRHYTHMIAS 

Classic Antiarrhythmic Drugs * The Role of Beta- Adrenergic 
Blocking Agents in the Treatment of Cardiac Arrhythmias « Role 
of Slow Channel Blockers in the Treatment of Arrhythmias: 
Basic Considerations and Clinical Applications 

PART FOUR: HEART FAILURE 

Physiology and Treatment of Congestive Heart Failure: The New 
Inotropic Agents e Pharmacological Treatment of Heart Failure: 
Afterload-Reducing Agents + The Use of Diuretics in Patients 
with Congestive Heart Failure: 

PART FIVE: MYOCARDIAL INFARCTION 

Thrombolysis, During Evolving Myocardial Infarction « Strep- 
tokiriase in.the Treatment of Acute Myocardial infarction: An 
Overview « Role of Oral Anticoagulants in the Management of 
Acute Myocardial Infarction «The Role of Beta Blockers-Follow- 
ing Myocardial Infarction + Beta Blockers in Survivors of Acute 
Myocardial. Infarction: The Importance of Ancillary Properties 
and Study Design + Platelet Inhibitors and Myocardial 
Infarction 


1986 408 pages $45.00 (Df. 89.00 outside North America) 
paper ; 0-444-01033-5 - MEPC 





MEPC — Medical Examination Publishing Company 
P.O. Box 882 

Madison Square Station; New York, NY 10159 

Note: Book prices subject to change without notice. 


Medical Examination Publishing Company is an imprint of 
Elsevier Science Publishing Company, Inc., New York, New York 
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ALLOGRAFT VALVES PRESERVED BY OUR PROCESS 
ARE 99.17 PERCENT FREE FROM 
STRUCTURAL DETERIORATION AT 48 MONTHS. 


e CryoLife, the world leader in human heart valve preservation. 

e Over 4,200 allograft implants since 1984. 

e 88.5 percent mean cell viability of e leaflet fibroblasts. 

e 99.17 percent freedom from stru deterioration at 48 months. * 

e 97.16 percent freedom from valve lated complications at 48 months. * 
¢ 48 month limited warranty. 
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wap. 
NOW 


Your investment 
in ZINACEF is 
Starting to pay off. 





Your choice of ZINACEF for surgical prophylaxis is an 
investment that can yield outstanding returns in lower 
postop infection rates, shortened hospital stays, and an 
improved bottom line for your patients. 





Significant success against staphylococci 

In a recent study, ZINACEF was shown to be 
“significantly more effective...than cefazolin in 
preventing postoperative wound infections following 
open-heart surgery ”'—especially against Staphylococcus 
aureus and S$ epidermidis. 





Reduces postoperative complications— 

infectious and financial 

A recent nationwide analysis revealed that each 
postoperative wound infection represents a 
nonreimbursable loss to a hospital of $2467, on average? 
By reducing the rate of infection, ZINACEF can help 
reduce these losses. 


1. Slama TG, Sklar SJ, Misinski J, et al: Randomized comparison of cefamandole, cefazolin, and cefuroxime 
prophylaxis in open-heart surgery. Antimicrob Agents Chemother 1986;29:744-747, 

2. Haley RW White JW, Culver DH, et al: The financial incentive for hospitals to prevent nosocomial infections 
under the prospective payment system. JAMA 1987:257.1611-1614 


Please consult Brief Summary of Prescribing Information on next page before prescribing or administering ZINACEF 


Glaxo Giaxo inc. Research Triangle Park, NC 27709 
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LINACEF i o 


sterile cefuroxime sodium 


Brief summary. Before prescribing, consult complete Prescribing Information. 


INDICATIONS AND USAGE: ZINACEF® is indicated for the treatment of patients with infections caused by suscep- 

tible strains of the designated organisms in the following diseases: 

1. Lower Respiratory Tract Infections, including pneumonia, caused by S pneumoniae (formerly D pneumoniae), H 
influenzae (including ampicillin-resistant strains), Klebsiella sp, S aureus (penicillinase- and non-penicillinase-pro- 
ducing), S pyogenes, and E coli. 

2. Urinary Tract infections caused by £ coli and Klebsiella sp. 

3. Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase-producing), S pyogenes, 
E coli, Klebsiella sp, and Enterobacter sp. 

4. Septicemia caused by S aureus (penicillinase- and non-penicillinase-producing), S pneumoniae, E coli, H influenzae 
(including ampicillin-resistant strains), and Klebsiella sp. 

5. Meningitis caused by S pneumoniae, H influenzae (including ampicillin-resistant strains), N meningitidis, and S aureus 
(penicillinase- and non-penicillinase-producing). 

6. Gonorrhea: Uncomplicated and disseminated gonococcal infections due to N gonorrhoeae (penicillinase- and non- 
penicillinase-producing strains) in both males and females. 

7. Bone and Joint Infections caused by S aureus (including penicillinase- and non-penicillinase-producing strains) 
Clinical microbiological studies in skin and skin structure infections frequently reveal the growth of susceptible 

strains of both aerobic and anaerobic organisms. ZINACEF has been used successfully in these mixed infections in which 

several organisms have been isolated. Appropriate cultures and susceptibility studies should be performed to deter- 
mine the susceptibility of the causative organisms to ZINACEF 

Therapy may be started while awaiting the results of these studies; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. In certain cases of confirmed or suspected gram-positive or gram- 
Negative sepsis or in patients with other serious infections in which the causative organism has not been identified, 
ZINACEF may be used concomitantly with an aminoglycoside (see PRECAUTIONS). The recommended doses of both 
antibiotics may be given depending on the severity of the infection and the patient's condition. 

Prevention: The preoperative prophylactic acministration of ZINACEF may prevent the growth of susceptible disease- 

causing bacteria and thereby may reduce the incidence of certain postoperative infections in patients undergoing surgi- 

cal procedures (eg, vaginal hysterectomy) that are classified as clean-contaminated or potentially contaminated 
procedures. Effective prophylactic use of antibiotics in surgery depends on the time of administration. ZINACEF® (sterile 
cefuroxime sodium, Glaxo) should usually be given one-half to one hour before the operation to allow sufficient time to 
achieve effective antibiotic concentrations in the wound tissues during the procedure. The dose should be repeated 
intraoperatively if the surgical procedure is lengthy. 

Prophylactic administration is usually not required after the surgical procedure ends and should be stopped within 24 
hours. In the majority of surgical procedures, continuing prophylactic administration of any antibiotic does not reduce 
the incidence of subsequent infections but will increase the possibility of adverse reactions and the development of 
bacterial resistance. 

The perioperative use of ZINACEF has also been effective during open heart surgery for surgical patients in whom 
infections at the operative site would present a serious risk. For these patients it is recommended that ZINACEF therapy 
be continued for at least 48 hours after the surgical procedure ends. If an infection is present, specimens for culture 
should be obtained for the identification of the causative organism and appropriate antimicrobia’ therapy should be 
instituted. 


CONTRAINDICATIONS: ZINACEF® is contraindicated in patients with known allergy to the cephalosporin group of 
antibiotics, 


WARNINGS: BEFORE THERAPY WITH ZINACEF® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
MINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICIL- 
LINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM 
OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO ZINACEF OCCURS, DISCONTINUE THE DRUG 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum antibiotics); 
therefore, it is important to consider its diagnosis in patients who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of clostridia 
Studies indicate a toxin produced by C difficile 1s one primary cause of antibiotic-associated colitis. Cholestyramine and 
colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed with 
fluid, electrolyte, and protein supplementation as indicated. 

When the colitis is not relieved by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice 
for antibiotic-associated pseudomembranous colitis produced by C difficile. Other causes of colitis should also be 
considered 


PRECAUTIONS: Although ZINACEF® rarely produces alterations in kidney function, evaluation of renal status during 
therapy is recommended, especially in seriously ill patients receiving the maximum doses. Cephalosporins should be 
Jiven with caution to patients receiving concurrent treatment with potent diuretics as these regimens are suspected of 
adversely affecting renal function. 

The total daily dose of ZINACEF should be reduced in patients with transient or persistent renal insufficiency because 
vigh and prolonged serum antibiotic concentrations can occur in such individuals from usual doses 

As with other antibiotics, prolonged use of ZINACEF may result in overgrowth of nonsusceptibie organisms. Careful 
Dbservation of the patient is essential. If superinfection occurs during therapy, appropriate measures should be taken 

Broad-spectrum antibiotics should be prescribed with caution in individuals with a history of gastrointestinal disease. 
darticularly colitis. 

Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics and 
cephalosporins. 
Interference with Laboratory Tests: A false-positive reaction for glucose in the urine may occur with copper reduction 
tests (Benedict's or Fehling’s solution or with Clinitest® tablets), but not with enzyme-based tests for glycosuria (eg, 
Tes-Tape®). As a false-negative result may occur in the ferricyanide test, itis recommended that either the glucose oxı- 
dase or hexokinase method be used to determine blood plasma glucose levels in patients receiving ZINACEF 

Cefuroxime does not interfere with the assay of serum and urine creatinine by the alkaline picrate method. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Although no long-term studies in animals have been performed 
to evaluate carcinogenic potential, no mutagenic potential of cefuroxime was found in standard laboratory tests 

Reproductive studies revealed no impairment of fertility in animals. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in mice and rabbits 
at doses up to 60 times the human dose and have revealed no evidence of impaired fertility or harm to the fetus due to 
cefuroxime. There are, however, no adequate and well-controlled studies in pregnant women. Because animal reproduction 
Studies are not always predictive of human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers: Since ZINACEF is excreted in human milk, caution should be exercised when ZINACEF is administered 
to a nursing woman. 
Pediatric Use: Safety and effectiveness in children below 3 months of age have not been established. Accumulation of 
other members of the cephalosporin class in newborn infants (with resulting prolongation of drug half-life) has been 
reported. 


ADVERSE REACTIONS: ZINACEF® is generally well tolerated. The most common adverse effects have been local 
reactions following intravenous administration. Other adverse reactions have been encountered only rarely. 

Local Reactions: Thrombophlebitis has occurred with intravenous administration in 1 in 60 patients. 

Gastrointestinal: Gastrointestinal symptoms occurred in 1 in 150 patients and included diarrhea (1 in 220 patients) and 
nausea (1 in 440 patients). Symptoms of pseudomembranous colitis can appear during or after antibiotic treatment 
Hypersensitivity Reactions: Hypersensitivity reactions have been reported in less than 1% of the patients treated with 
ZINACEF and include rash (1 in 125). Pruritus, urticaria, and positive Coombs test each occurred in less than 1 in 250 
patients, and, as with other cephalosporins, rare cases of anaphylaxis, erythema multiforme, and Stevens-Johnson 
syndrome have occurred 

Blood: A decrease in hemoglobin and hematocrit has been observed in 1 in 10 patients and transient eosinophilia in 1 in 
14 patients. Less common reactions seen were transient neutropenia (less than 1 in 100 patients) and leukopenia (1 in 
750 patients). A similar pattern and incidence was seen with other cephalosporins used in controlled studies. 

Hepatic: Transient rise in SGOT and SGPT (1 in 25 patients), alkaline phosphatase (1 ın 50 patients), LDH (1 in 75 patients), 
and bilirubin (1 in 500 patients) levels has been noted 

Kidney: Elevations in serum creatinine and/or blood urea nitrogen and a decreased creatinine clearance have been 
observed, but their relationship to cefuroxime is unknown. 


HOW SUPPLIED ZINACEF® is a dry, white to off-white powder supplied in vials and infusion packs 
Each vial contains cefuroxime sodium equivalent to 750 mg, 1.5 g, or 75 g of cefuroxime. ZINACEF in the dry state 
should be stored between 15° to 30°C (59° to 86°F), and protected from light 
NDC 0173-0352-31 750-mg Vials (Tray of 25) 
NDC 0173-0354-35 1.5-g Vials (Tray of 25) 
NDC 0173-0353-32 750-mg Infusion Pack (Tray of 10) 
NDC 0173-0356-32 1.5-g Infusion Pack (Tray of 10) 
NDC 0173-0400-00 75-g Pharmacy Bulk Package (Tray of 6) 
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Vitalcor/ POLYSTAN 


Vitalcor Inc. 


100 E. Chestnut Ave. Quality 
Westmont, Illinois 60559 Without 


Call Toll-Free: 1-800-874-8358 


“Vitalcor, Inc. is the exclusive distributor of Polystan products in the USA” 
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THE OMNI EVOLUTION. 


A HISTORY OF RELIABILITY AND CLINICAL PERFORMANCE 
DOCUMENTED IN HUMAN TERMS. 


In the history of cardiac valve replacement surgery, 

few can look back with greater satisfaction than the 

pr clinicians and design engineers responsible for the 
lllehe-Kaster® replacement valves we have brought to market. 

Our trademark has been a willingness to pursue 
every opportunity for product improvement. When 
early clinical reports suggested areas of possible 
improvement, we listened and we responded. 

As a result, today’s Omniscience® and 
Omnicarbon™ tilting disc prostheses incorporate 
valve design and materials based on more than = 
30 years of combined clinical experience. They are true fs 
testimony to evolutionary change—offering exceptional enyves 
reliability, and a world-wide record of mechanical 

durability unmatched among U.S. manufacturers of 
cardiac valves. 

Most significant, our clinical performance 
is documented in our implant history of nearly 
100,000 patients. 

We invite you to learn more about these 

products of evolution. We invite your careful evalua- 











1981 tion. In the final analysis we are certain you will share 
Omniscience® S 3 A 
(Current Mode) our enthusiasm and our belief that no other cardiac 


valves have a greater right to the future. Call us at 
1-800-328-2060 for complete information. 





“Visit us at the STS Convention, Booth #342-344.” 
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3. Cover Superstat with lap pad or gauze sponge and apply light pressure. 


l 





Superstat Modified Collagen Hemostat from Weck Surgical is a freeze-dried collagen 

sponge which has been treated to provide a net positive charge. In contact with shed blood, 
" Superstat activates the coagulation mechanism and dissolves while carrying Out its hemo- 
Static effect. 

It can be broken or cut into virtually any shape, and as it dissolves, it conforms to the 
bleeding site. Nonpyrogenic and nonantigenic, Superstat has shown no adverse effects on 
wound healing. Contact your O.R. supervisor so that you can evaluate Superstat in your 
next procedure. 


Superstat 


(Modified Collagen Hemostat) 


Description 

Superstat’ is a biocompatible agent of collagen origin which 
has been treated to provide a net positive charge. Superstat® 

is a modified collagen hemostatic sponge containing calcium 
chloride. The sponge dissolves while carrying out its hemo- 
static effect. Superstat’is a sterile, nonpyrogenic, nonanti- 
genic product supplied in 1.5 or 3.0% concentrations. 

Action 


Superstat*in contact with blood activates the coagulation 
mechanism. Clinical evaluation has revealed no evidence 
of disseminated intravascular coagulation or local blood 
vessel coagulation. Dissolved Superstat* has been shown 

in vitroto have no effect on activated partial thromboplas- 
tintimes and has been shown to have no plateletaggregating 
effects. Animal studies demonstrate that Superstat® produces 
no foreign body response when left in situ. 

Indications 

Superstat’ is indicated for use when hemostasis is desired 
along suture lines in diffusely bleeding sites, incisions, dissec- 
tions and around arterial or venous anastomoses. It is not 
intended to replace surgical ligature. Superstat” is indicated 
in oozing bleeding, either capillary or venous, in practically 
all incisions or wounds and as an adjunct to conventional 
closure techniques. 

Contraindications 

Superstat” is contraindicated in oa Seige ical applications 
because no investigations on the effect of Superstat on 
neurological tissue have been carried out to date. Superstat® 
is also contraindicated in instances of pumping arterial 
hemorrhage. 

Directions For Use 

The pad can be used in whole or in part to produce hemo- 
stasis at the point of bleeding. Superstat$hould be applied 
dry tothe bleeding site and covered with a sterile laparotomy 
pad or gauze sponge. The material will begin to soften as it 
is applied. Hemostasis should occur within two or three min- 
utes after application. If hemostasis is not complete,a second 
application of Superstat® should be used. Superstat® will dis- 
solve at the bleeding site. It is not necessary to remove excess 
materials. Residual clotted blood can be removed without 
causing further bleeding. Store Superstat’ at controlled 
room temperature. 


Precautions 


In more profuse bleeding in which complete hemostasis is 
not observed, use of conventional surgical techniques may 
be necessary. Superstat® does not replace conventional sur- 
ical techniques such as clamping and/or ligation for severe 
Piecding The use of Superstat’ in patients with coagulopath- 
ies has not been fully evaluated. The effects of Superstatused 
during pregnancy or its teratogenic potential have not been 
investigated. 
Warning 
Superstat® must be kept dry, moisture will cause Superstat® 
to lose its activity. Do not use Superstat” in instances of 
umping arterial hemorrhage. Do not use Superstat® where 
Blood or other fluids have pooled or in cases where the point 
of hemorrhage is submerged. Superstat* will not act as a 
tampon or permanent plug in a bleeding site nor will itclose 
offan area of blood collecting behind a tampon. Discard 
unused portions of Superstat? Do not resterilize Superstat? 


Superstat’ Pledgets (above) 
and Discs (at left), shown at 
actual size, are both available in 
1.5% and 3.0% concentrations. 


Adverse Effects 

Superstat® has shown no adverse effects on wound healing. 

There are no known toxic effects. 

The incidence rate of adhesion formation has not been investigated. 


How Supplied: 

Superstat’ is a freeze-dried collagen sponge, supplied in 4” x 4” 

pledgets or 11⁄4” discs, in double wrapped sterile trays. Five packages 

toa box in two concentrations: 1.5% and 3.0%. 

Cat. No. 524300, 5 Packages of Four 1%"(3.2cm) Discs, 1.5% 

Cat. No. 524400, 5 Packages of Four 1%4"(3.2cm) Discs, 3.0% 

Cat. No. 524500, 5 Packages of One 4” x 4” (10.2cm x 10.2cm) 
Pledget, 1.5% 

Cat. No. 524600, 5 Packages of One 4” x 4”(10.2cm x 10.2cm) 
Pledget, 3.0% 

Sterility guaranteed if outer pouch is unopened and/or undamaged. 

CAUTION: Federal law restricts this device to sale by or on the order 

ofa physician. 

Store at controlled room temperature. 
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EDITORIALS 


The Expected Lifetime of Porcine Valves 
Albert Starr, MD; and Gary L. Grunkemeier, PhD 


St. Vincent Heart Institute, Oregon Health Sciences University, Portland, Oregon 


AN important milestone has been reached with the 
availability of the 15-year results with porcine heart 
valves, including those of Magilligan and associates in 
this issue [1]. It is now possible to give a more complete 
characterization of the shape of tissue failure curves, and 
an adequate answer to the question, “What is the life of 
the valve?” It appears that for existitig series the median 
lifetime has been reached at about 13 years. However, the 
information this is based on includes the first valve 
models and the earliest patients. Current sélection of 
patients and further valve refinements may improve this 
durability record. 

Magilligan and associates have produced an important 
contribution to the tissue valve literature. They report on 
over a thousand valves followed for up to 16.4 years with 
99% completeness. Their definition of structural failure is 
conservative, requiring confirmation at explant. 

This review will discuss the corroboration of their 
results in other reports, a rtiathematical description of the 
tissue failure curve, the concept of actual versiis potential 
valve failures, and the implications of these findings in 
the context of alternative valve devices. l 

Figure 1 contains actuarial freedom from structural 
failure rates from the series of Magilligan and associates 
and six other series containing information beyond 10 
years [2-7]. The 15-yèar points have large standard errors, 
ranging from 6% to 13%, but the points are fairly consis- 
tent, considering that different patients, valve models, 
positions, countries, and eras of implantation are in- 
volved. The failure pattern is also consistent with that for 
homograft valves beyond 10 years [8-11]. 

When the risk of an event is constant over time, the 
event-free curve has an exponential shape. The Weibull 
distribution is a generalization of the exponential distri- 
bution that accommodates a changing risk and is widely 
used in reliability studies. The median failure time for the 
Weibull curve in Figure 1 is 13 years. Unlike the median, 
calculation of the mean time to failure (average or ex- 
pected lifetime) has to wait until every valve has failed. 
However, the Weibull model provides an estimate of the 
mean, which is also 13 years. The model also allows 
extrapolation beyond observed time, to 20 years in Figure 
1, although such extrapolation must be interpreted cau- 
tiously. 

The model can further provide information about the 
effect of deaths on the percentage of valves that actually 
fail, as opposed to those potentially destined to do so. In 
computing failure-free curves, deaths are censored (with- 
drawn from the calculations in subsequent intervals) to 
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Fig 1. Failure-free percentages from published series with experience 
beyond 10 years, with Weibull curve fit to the points 75% at 10 years 
and 30% at 15 years (see text). This figure combines the aortic and 
mitral positions: three studies (AM) gave combined results, and for 
two (AM*) we computed a weighted average. Valves used were 
Medtronic Hancock (H), Carpentier-Edwards (C), or both (HC), ex- 
cept for one series (HC+) that contained other porcine models as well 
as a small percentage of pericardial values. The median failure time is 
the point on the horizontal axis directly below the intersection of the 
curve with the 50 percentile line. 


get failure percentages based on only patients at risk. This 
provides ari estimate of the underlying, potential risk of 
failure, called the net risk in the theory of competing risks 
(patient death and structural failure are competing for the 
valve). This potential rate measures the percentage of 
valves that would fail if no one died, or the risk of an 
individual being event-free if he or she is still alive. This is 
appropriate for comparing valves, because it does not 
depend on the death rate in the patient population, which 
can vary from one valve series to another. But the percent 
of actual failures is lower, as death precludes subsequent 
failure in patients who die before failure of their valve. 

Figure 2 demonstrates that the potential failure-free rate 
of 30% at 15 years increases to an actual failure-free rate of 
60% when the death rate for a typical valve series is taken 
into account. For a more elderly population, with a higher 
death rate, the actual failure-free percentage would be 
even higher. 

The authors whose results are represented in Figure 1 
drew opposite conclusions, some positive and some neg- 
ative, regarding the acceptability of the porcine valve. 
This parallels the attitudes of the medical community, 
where both positions have advocates, though the risk of 
structural failure caused a reduction in the use of tissue 
valves in favor of mechanical valves beginning in the late 
1970s: Using the concept of treatment failure, defined as 
valve-related death or permanent disability, tissue and 
mechanical valves were found to be comparable at 10 
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Fig 2. The dotted curve is the potential Weibull failure-free curve 
from Figure 1. The thin solid line is the survival curve for a typical 
valve series, with 15-year survival of 40% (the 15-year survival rates 
for the series in Figure 1 ranged from 30% to 52%). The thick solid 
curve is the actual fuilure-free curve, which represents failures actu- 
ally observed in the presence of the competing risk of death. The up- 
ward arrow indicates that the potential failure-free rates (30% at 15 
years) increase to the actual failure-free rates (60% at 15 years) when 
deaths are taken into account, indicated by the downward arrow 
from the upper horizontal axis (= 100% survival) to the actual sur- 
vival curve. If the patients kad a lower survival rate, such as in a 
very elderly population, the actual valve failure-free curve would be 
higher. 


years [12]. This agrees with most comparison studies of 
tissue versus mechanical valves, including randomized 
clinical trials, which found an approximate balance of 
overall risks by 10 years [13]. i 
Because a treatment failure comparison of mechanical 
and tissue valves at 15 or 20 years is not yet available, it is 
tempting to use the above model to speculate about such 
a comparison. According to the actual failure-free curve in 
Figure 2, 31 of every 100 implanted valves would fail 
between 10 and 20 years, which, if operated with a 10% 
mortality, would yield 3 deaths. This is roughly compa- 
rable with the actual number of deaths that would be 
expected to occur in a typical mechanical valve series from 
thrombotic (thromboembolism, thrombosis) and anticoag- 
ulant-related complications, in excess of tissue valves, 
based on weighted averages (0.6% to 0.8%/year) from 
Edmunds’ literature review [14]. Thus we might speculate 
that the treatment failure equivalence at 10 years would be 
maintained duiing the second decade. However, this 
comparison is only approximate, because it assumes that 
all tissue failures come to operation and none lead directly 
to death, does not consider death from re-reoperation, 
and does not include nonfatal strokes. Also, treatment 
failure comparisons do not consider the costs of successful 
reoperations, to the patient in terms of suffering and to 
society in terms of expenses and resource utilization. - 
The porcine valve still appears to provide an acceptable 
alternative for many patients, and may improve in this 
regard. It is known that youth is a risk factor for structural 
failure, and recent evidence suggests that old age may be 
protective [2, 5, 15]. The mean age for five of the series in 
Figure 1 was 50 years or younger; thus there may be a 
further advantage in older patients due to their lower 
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potential rate of valve failure. Improvement in tissue 
valve results may also come from changes to the valves 
themselves, such as the expected advantages of low 
pressure fixation and mitigation of calcification. 

The fact that mechanical valves are available for patients 
who are poor risks for tissue valves may further enhance 
the clinical results achieved by the porcine valve [16]. Ina 
complementary way, improved mechanical valve results 
will be achieved by better selection of patients according 
to the quality of future anticoagulation management. All 
of this underscores the need for an eclectic approach in 
selecting both types of prostheses for use according to 
patient-related variables such as age, lifestyle, and the risk 
of anticoagulation. 
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Surgical Recanalization for Treatment of 


Evolving Myocardial Infarction 
Steven R. Bergmann, MD, PhD, and Burton E. Sobel, MD 


Cardiovascular Division, Washington University School of Medicine, St. Louis, Missouri 


r this issue Cheung and colleagues [1] present interest- 
ing results that lead them to suggest that surgical 
reperfusion may be warranted for treatment of acute 
myocardial infarction. In their study of experimental 
animals, they characterized myocardial mechanics and 
infarct size in dogs subjected to left anterior descending 
coronary artery occlusion. In 7 open-chest dogs, the 
vessel was simply ligated. In 8, reperfusion was induced 
by release of the occluding ligature after two hours. In 7, 
total cardiopulmonary bypass was instituted after two 
hours of occlusion with concomitant ventricular venting 
and intermittent cardioplegia with a basic, hyperosmolar 
perfusate that included red blood cells to enhance oxy- 
genation, glucose and amino acids as substrate, allopuri- 
nol to inhibit oxygen-centered free radical formation from 
hypoxanthine, and citrate-phosphate-dextrose to de- 
crease the concentration of ionized calcium. In this group, 
referred to as the surgical reperfusion group, reflow was 
initiated gradually and initially at low pressure. Dogs in 
the surgical reperfusion group manifested early improve- 
ment of systolic shortening measured with implanted 
sonomicrometers and by analysis of pressure-length re- 
lationships. Improved function was maintained and still 
evident 1 week later. Infarct size as a percentage of area at 
risk was lower than that in dogs subjected to either 
persistent occlusion or reperfusion without cardioplegia 
and without cardiopulmonary bypass. One week after 
occlusion, dogs subjected to reperfusion alone fared no 
better than those with persistent occlusion. 

Although these results are intriguing, they do not, by 
themselves, justify proceeding to immediate cardiopul- 
monary bypass and cardioplegia as primary treatment of 
acute myocardial infarction. Several considerations may 
modify their interpretation. 


Reperfusion “Injury” 


The notion that reperfusion induces injury is somewhat 
ambiguous. Although reperfusion alone does not salvage 
myocardium to the maximum extent possible, it unequiv- 
ocally attenuates evolution of infarction. Hemorrhage in 
reperfused myocardium is confined virtually exclusively 
to the ischemic region at risk. Morbidity and mortality 
associated with acute myocardial infarction are influenced 
favorably by reperfusion induced with thrombolytic 
agents [2, 3]. In recent large multicenter trials, mortality 
was reduced to 5% or less in patients treated with throm- 
bolytic agents early after the onset of infarction as com- 
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pared with an overall mortality of 8% to 12% among 
patients managed without thrombolytic agents. Thus, 
reperfusion is beneficial. Its limitations may reflect injury 
that is refractory to reperfusion or injury induced by 
reperfusion, but their sum is less than the countervailing 
benefit evident as a net, positive effect. 


Factors Influencing the Fate of Reperfused 
Myocardium 


The duration, severity, and distribution of antecedent 
ischemia before reperfusion are primary determinants of 
the extent of salvage that can be anticipated. Reperfusion 
within one hour after the onset of occlusion is associated 
with reduction in mortality and striking recovery of ven- 
tricular function (2, 3]. Results of laboratory and clinical 
studies have demonstrated some benefit when reperfu- 
sion is induced within intervals as long as six hours after 
the onset of ischemia [2-4]. However, the amount of 
myocardium that can be salvaged is inversely propor- 
tional to the duration of ischemia. In patients, collateral- 
ization may afford some protection to ischemic tissue and 
thereby delay the evolution of irreversible injury, widen- 
ing the temporal window available for effective reperfu- 
sion to some extent. Furthermore, even though reperfu- 
sion more than four to six hours after the onset of 
ischemia may not salvage substantial amounts of myocar- 
dium, late reperfusion may decrease aneurysm formation 
or the incidence of malignant arrhythmia long after in- 
farction. 

Results of clinical studies indicate relatively little benefit 
when reperfusion is confined to the zone of supply of the 
right coronary system (patients with inferior infarction) 
compared with the benefit obtained when the left anterior 
descending or left circumflex coronary arteries are recan- 
alized [2, 3]. The disparity probably reflects the relative 
amount of myocardium at risk in the two circumstances 
and the impact of the jeopardized zone on overall pump 
function of the heart. Clearly, patients with larger infarcts 
are more likely to sustain severe ventricular dysfunction 
and hence more likely to show benefit with revasculariza- 
tion than those with a small infarct that does not markedly 
impair overall cardiac function. 

The adequacy of reperfusion is another key determi- 
nant of efficacy. In studies of experimental animals with 
induced thrombotic coronary occlusion, myocardial per- 
fusion assessed with radiolabeled microspheres recovered 
immediately to 80% to 90% of normal when reperfusion 
was induced with either streptokinase or tissue-type 
plasminogen activator [5, 6]. However, 24 hours after 
recanalization with sustained patency of the coronary 
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artery documented angiographically, blood flow to the 
reperfused region had diminished to only 50% to 60% of 
normal, presumably because of cell swelling, platelet 
plugging, or microvascular injury mediated by neutro- 
phils. With time, myocardial blood flow subsequently 
increased again, albeit modestly [6]. 

Reperfusion througt. a persistently stenotic vessel in 
dogs results in failure of resolution of subendocardial 
ischemia and attenuation of diminution of infarct size [7]. 
Some clinical studies have reported enhanced benefit with 
a strategy of angioplasty combined with pharmacological 
thrombolysis despite the lack of demonstrable additional 
benefit of emergency as compared with elective angio- 
plasty in large-scale multicenter trials [2, 3]. 

In the study reportec by Cheung and colleagues, myo- 
cardial blood flow in ischemic zones was not different 
before reperfusion in tne two treated groups. However, 
flow measurements were not repeated early after the 
onset of reperfusion. The differences in ventricular func- 
tion and in infarct size observed may reflect a disparity in 
the adequacy of early reflow. In dogs in the surgical 
reperfusion group, nutritive reflow may have been 
greater because cardioplegic solution relatively or abso- 
lutely devoid of platelets and white blood cells was used. 
The low pressure may have minimized tissue edema. 
These factors coupled with the benefits of ventricular 
venting may have facilitated more complete reperfusion 
and the salutary results observed [8]. 


Influence of Adjunctive Agents 


Although Cheung and colleagues conclude that the intrin- 
sic nature of surgical reperfusion accounted for the bene- 
fits observed, other factors may have been responsible. 
Concomitant treatment with calcium-channel inhibitors or 
oxygen free radical scavengers can enhance salvage in- 
duced by reperfusion. In a study from our laboratory, 
administration of diltiazem beginning before reperfusion 
at a dose that did not alter ventricular afterload, heart 
rate, or myocardial blood flow decreased infarct size by 
50% compared with the reduction induced by reperfusion 
alone [5]. This augmentation of salvage is strikingly sim- 
ilar to that observed in the dogs studied by Cheung and 
colleagues in the surgical reperfusion group. The de- 
creased calcium content of the cardioplegic solution used 
may have contributed. 

The role of oxygen-centered free radicals in reperfusion 
injury is less clear. Although some investigators have 
reported that scavengers of these agents enhance salvage 
induced by reperfusion, results have been inconsistent. In 
the study by Cheung and associates, allopurinol in the 
cardioplegic solution may have been beneficial in scav- 
enging oxygen-centerec free radicals formed from hypo- 
xanthine through the xanthine oxidase pathway. The role 
of this biochemical pathway in human subjects is proba- 
bly minimal, however, because human myocardium does 
not exhibit readily detectable xanthine oxidase/xanthine 
dehydrogenase activity. 

The cardioplegic solution used in the Cheung study 
contained glucose, glutamate, and aspartate, and had a 
high pH. Several substrates enhance salvage compared 
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with that induced by reperfusion alone, perhaps because 
functional recovery of reperfused myocardium appears to 
depend on prompt restoration of oxidative metabolism. 

The ventricular unloading used in the Cheung study for 
the surgical reperfusion group may have contributed to 
the benefit apparent in the surgical reperfusion group [9]. 
Decreased myocardial afterload, which favorably affects 
the oxygen supply/demand ratio, enhances salvage. In 
the recently reported TIMI II study [10], 6 blockade 
reduced the incidence of recurrent ischemia after throm- 
bolysis induced with tissue-type plasminogen activator. 
In animals, decreased ventricular work induced by non- 
surgical approaches favorably alters recovery of reper- 
fused myocardium. The local and whole-body hypother- 
mia used in the surgical reperfusion group in the Cheung 
study would contribute to reduction of myocardial oxygen 
requirements as well and may enhance recovery per se 
[11]. 


Is Surgical Reperfusion Warranted for Patients 
With Acute Myocardial Infarction? 


From the experimental design used by Cheung and col- 
leagues it is not possible to determine which components 
of the protocol were responsible for the favorable results 
in the surgical reperfusion group. Serious logistic diffi- 
culties preclude routine use of cardiac surgery for patients 
with acute myocardial infarction. Most such patients are 
seen initially in community hospitals that lack facilities 
and staff necessary for immediate assessment of coronary 
arterial anatomy angiographically. The time required to 
acquire such information before operation would proba- 
bly preclude salvage of the magnitude observed in the 
Cheung study, in which aortic cross-clamping could be 
initiated after only two hours of ischemia. Because other 
adjunctive measures such as calcium channel blockade, 
diminution of ventricular afterload, administration of ox- 
ygen-centered free radical scavengers, and provision of 
alternative myocardial substrates may be as effective with 
pharmacological thrombolysis as they may have been in 
the surgical reperfusion group in the study of Cheung and 
colleagues, these and other approaches merit evaluation 
in patients as adjuncts to pharmacological thrombolysis 
[12]. In the small number of patients with evolving 
myocardial infarction in whom thrombolysis is unsuccess- 
ful or in those in whom myocardial ischemia is refractory 
to medical management, emergency operation may be 
required and is remarkably safe [13]. However, despite 
the intriguing results obtained by Cheung and colleagues, 
most patients with acute myocardial infarction are likely 
to continue to be managed medically. 
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Evolving Techniques in the Management of Benih 


Esophageal Stricture 


Andre Duranceau, MD 


Department of Surgery, University of Montreal, Hotel-Dieu de Montreal Hospital, Montreal, Quebec, Canada 


he treatment of esophageal strictures associated with 
primary or secondary reflux disease remains a chal- 
lenge for the esophageal surgeon. The philosophy of 
treatment varies so much between institutions that no 
uniform attitude is agreed upon between gastroenterolo- 
gists, and even among surgeons themselves. 

The paper in this issue by Ramirez Schon and associates 
[1] is a confirmation of this situation in that they propose 
to use a gastric vascular pedicle patch escphagoplasty to 
correct esophageal strictures. As proposed, this operation 
is a variation of the Hugh patch repair. Arguing that 
antral mucosa is acid-resistant and has the added advan- 
tage of not secreting acid, Hugh and co-workers [2] experi- 
mented with this method in dogs, showing that it had no 
deleterious effects on the esophagus. They also argued that 
patches derived from the more proximal stomach body are 
likely to secrete acid and pepsin, thereby exposing the 
adjacent esophagus to ulceration. Hugh and associates [3] 
applied their observations in 15 patients, creating an antral 
patch based on the left gastroepiploic arterv. Their results, 
updated in a recent textbook [4], showed this operation to be 
safe and effective in correcting dense esophageal strictures. 
Of the 15 patients, 4 had reflux strictures with scleroderma, 
1 had a stricture after esophageal trauma, 2 had a reflux 
stricture from a previous myotomy for achalasia, and 8 had 
intractable strictures from gastroesophageal reflux disease 
after an unsuccessful antireflux operation. In their follow- 
up, which ranged from 6 months to 9 years, Hugh reports 
that 3 patients still require occasional dilztions and that 
evidence of esophagitis proximal to the patch has occurred 
in 4 patients. 

From these reports, there is no doubt that a stricturo- 
plasty is feasible using a well-vascularized gastric patch of 
either antrum or fundus. A patch of jejunum or colon 
would achieve the same purpose, for that matter. It is 
another problem, however, to correct the reflux that led to 
this stricture and maintain adequate esophageal lumen 
permeability. A narrowed and shortened esophagus 
rarely allows a proper tension-free fundoplication under 
the diaphragm (and under the patch). The report by 
Ramirez Schon and associates does not offer a nonsubjec- 
tive follow-up, except for the 1 patient in whom the 
esophagus was removed for a diagnosis of esophageal 
carcinoma and the cancer was not found after the esoph- 
agectomy. It is worrisome to see an operation used 
without more evidence of its success than the technical 
success of the operation itself. Neither the initial reports 
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by Hugh and associates nor the report by Ramirez Schon 
and co-workers offer any proof that the underlying reflux 
problems have been corrected. Moreover, the need for 
long-term dilations and the presence of esophagitis prox- 
imal to the patch in 7 of 15 patients reported by Hugh and 
associates underlines the need for long-term objective 
follow-up with the aid of endoscopy, biopsies, pH stud- 
ies, and motor function evaluation. 

Standard antireflux operations fail in a larger propor- 
tion of cases when a stricture is present than if there is less 
damage. Variations in attitudes and new surgical tech- 
niques stem from this simple observation. The esopha- 
gus, strictured from long-term reflux or damaged with 
extensive columnar epithelium replacement, is frequently 
affected by periesophagitis and shortening. Even after 
extensive esophageal mobilization to the aortic arch and 
freeing of the esophagogastric junction, an easy reduction 
of an appropriate 4 to 5 cm of esophagus under the 
diaphragm may be difficult, and a tension-free repair may 
not be possible. For these reasons Thal [5] proposed to 
split the strictures and widen the esophagus by a fundic 
serosal patch. Later a skin graft had to be added to avoid 
restricturing. However, even if the stomach serosa was 
protected, this repair suffered from free reflux and recur- 
rent esophagitis. Total fundoplication added to the patch 
gives satisfactory long-term results in 84% of patients [6]. 
A simple total fundoplication without stricture splitting 
and left in the chest was also reported in the mid 1960s by 
Krupp and Rosetti [7]. Recently reviewed by Maher [8], 
this operation was shown to offer good to excellent results 
in 82% of patients. Both types of intrathoracic fundopli- 
cations, although known to correct the reflux problem, are 
not used extensively because of the dangers reported with 
supradiaphragmatic fundoplications: paragastric dia- 
phragmatic hernias, gastric ulcerations, and gastric fistu- 
lization with mediastinal structures. 

Esophageal sparing procedures besides intrathoracic 
fundoplications are the lengthening operations proposed 
by Collis [9] and subsequently modified to include a 
partial fundoplication [10] or a total fundoplication [11]. 
When assessed with pH studies, reflux control is con- 
firmed in 75% of the operated population, whereas the 
other 25% (despite subjective satisfaction) still show active 
reflux episodes. 

Is there a place for a gastric patch operation in the 
management of benign esophageal strictures? Reflux dis- 
ease must be looked at with a long-term perspective 
where one needs to be careful not to “burn bridges” too 
early. The stomach is one of those bridges, as it may be 
used eventually as an appropriate replacement organ if 
the esophagus is to be removed later. It is presently 
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emerging as a very satisfactory alternative to colon or 
small bowel interposition after resection for benign con- 
ditions. The patch operation, although it may offer satis- 
factory opening of the esophageal lumen, actually re- 
quires the sacrifice of an organ that may be subsequently 
needed to replace an esophagus damaged by the chronic 
complications of reflux disease. The natural evolution of 
the columnar-lined esophagus should be an added warn- 
ing that even if the reflux is controlled, malignant trans- 
formation may still occur and require subsequent resec- 
tion and reconstruction. 

For these reasons wé believe that the role of vascular- 
ized gastric patches should be restricted to those patients 
in whom intractable strictures require an esophageal 
salvage procedure, and a resection of the gastric antrum is 
indicated to accompany a Roux-en-Y pancreatobiliary 
diversion. Even in these situations the patch operation 
should then be gauged against the results of esophageal 
stricture resection and esophagogastrostomy coupled 
with duodenal diversion by the Roux-en-Y technique, as 
reported by Payne [12]. 

When possible, dilation and simple fundoplication re- 
mains the most effective procedure to protect the esoph- 
agus against reflux damage. If an appropriate tension-free 
reduction of the distal 4 to 5 cm of the esophagus under 
the diaphragm cannot be obtained, a lengthening proce- 
dure gastroplasty accompanied by total fundoplication 
around the gastroplasty gives the advantage of reflux 
control while protecting an adequate stomiach length for 
eventual use if the esophagus is later resected. 


EDITORIAL DURANCEAU 323 
MANAGEMENT OF BENIGN ESOPHAGEAL STRICTURE 


References 


1. Ramirez Schon G, Nieves ASS, Marcucci JC. Gastric vascular 
pedicle patch esophagoplasty for stricture. Ann Thorac Surg 
1989;48:356-8. 

2. Hugh TB, Lusby RJ, Coleman MJ. Gastric patch esophago- 
plasty: an experimental study. Am J Surg 1979;137:226-7. 

3. Hugh TB, Lusby RJ, Coleman MJ. Antral patch esophago- 
plasty: a new procedure for acid-peptic esophageal stricture. 
Am J Surg 1979;137:221-5. 

4. Hugh TB. Antral patch oesophagoplasty for esophageal 
stricture. In: Jamieson GG, ed. Surgery of the oesophagus. 
New York: Churchill Livingstone, 1988. 

5. Thal AP. A unified approach to surgical problems of the 
esophagogastric junction. Ann Surg 1968;168:542-50. 

6. Woodward ER. Fundic patch operation for peptic stricture. 
In: Jamieson GG, ed. Surgery of the oesophagus. New York: 
Churchill Livingstone, 1988. 

7. Krupp S, Rosetti M. Surgical treatment of hiatal hernias by 
fundoplication and gastropexy (Nissen repair). Ann Surg 
1966;164:927-34. . 

8. Maher JW. Intrathoracic fundoplication for shortened esoph- 
agus. In: Jamieson GG, ed. Surgery of the oesophagus. New 
York: Churchill Livingstone, 1988. l 

9. Collis JL. An operation for hiatus hernia with short esopha- 
gus. J Thorac Cardiovasc Surg 1957;34:768-73. 

10. Pearson FG. Surgical management of acquired short esoph- 
agus with dilatable peptic stricture. World J Surg 1977; 
1:463-73. 

11. Orringer MB. The combined Collis-Nissen operation for 
treatment of esophageal shortening associated with gastro- 
esophageal reflux. In: Jamieson GG, ed. Surgery of the 
oesophagus. New York: Churchill Livingstone, 1988. 

12. Payne WS. Surgical treatment of reflux esophagitis and 
stricture associated with permanent incompetence of the 
cardia. Mayo Clin Proc 1970;45:533-62. 


+) 


ORIGINAL ARTICLES 





The Porcine Bioprosthetic Heart Valve: 


Experience at 15 Years 
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The porcine bioprosthetic valve has been in use at Henry 
Ford Hospital since 1971. In this review, 980 patients 
with 1,081 porcine bioprosthetic valves were examined 
from 1 month to 16:4 years after implantation with a 99% 
complete follow-up. Patient survival was 59% + 2.2% 
(+ standard error of the mean) at 10 years and 38% + 
4.0% at 15 years. Factors associated with decreased sur- 
vival after hospital discharge were age greater than 35 
years and New York Heart Association functional class 
IV. Freedom from thromboembolism was 92% + 1.2% at 
10 years and 89% + 3.2% at 15 years. Freedom from 
endocarditis was 93% + 1.2% at 10 years and 92% + 1.3% 
at 15 years. Freedom from structural valve degeneration 


he commercially prepared porcine bioprosthetic heart 

valve has been available for clinical use since 1970 
and used at Henry Ford Hospital since 1971. Its early 
performance, assessed at 5 years, revealed a low throm- 
boembolism rate and an incidence of structural valve 
degeneration of less than 5% [1-3]. Intermediate-term 
results showed that at 10 years, the rate of thromboem- 
bolism remained low, structural valvé degeneration was 
excessive in young patients, and for patients older than 35 
years, there was an incidente of structural valve degen- 
eration of 20% [4]. The prediction of Carpentier [5], the 
originator of the glutaraldehyde-fixation process, that 
valve failure would be 20% at. 10 years was unfailingly 
accurate. Now the cumulative experience with the porcine 
bioprosthetic valve has matured, and late results of the 
performance of the prosthesis are available at 15 years. 


Material and Methods ` 


The porcine bioprosthetic valve has been used in Heriry 


Ford Hospital since October 1971. Between that time and 
December 1987, there were 980 patients who were hospi- 
tal survivors of an operation at which a first porcine valve 
was implarited. For purposes,of analyzing patient survival 
and the risk factors associated with valve-related events, 
only this group was examined to eliminate the effect of a 
secorid porcine valve implanted at a later time or of 
TUPE prostheses of different types. Among these 980 
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for all valves was 71% + 2.6% at 10 years and 31% + 5.6% 
at 15 years. Factors associated with increased risk of 
structural valve degeneration were age younger than 35 
years, female sex, and preoperative cardiac index greater 
than 2 L/min/m?. Among a total of 172 patients undergo- 
ing removal of a degenerated valve, mortality was 12.5%, 
and significant risk factors for death at reoperation were 
emergency operation and functional class IV. Experience 
with the porcine bioprosthetic valve after 15 years sug- 
gests that its use be confined to older patients or patients 
with a contraindication of anticoagulation. 


(Ann Thorac Surg 1989;48:324-30) 


patients, a total of 1,081 valves were placed: 492 aortic, 554 
mitral, and 35 tricuspid. Seventy-two percent were Han- 
cock and 28%, Carpentier-Edwards valves. 

Age of the patients ranged from 6 to 87 years (mean 
age, 55.2 + 14.8 years (+ standard deviation). There were 
532 male and 448 femalé patients. Follow-up ranged from 
1 month to 16.4 years, and the mean follow-up was 5.8 + 
3.7 years. Total follow-up was 5,650 patient-years. During 
the year 1987, all but 11 of the 980 patients were accounted 
for, thus making follow-up.99% complete. 

Thromboembolism was defined as all new focal neuro- 
logical deficits, either transient or permanent, or any 
noncardiac-related, sudden arterial occlusion. Endocardi- 
tis was defined as one or more of the following: two 
positive blood cultures; an infected embolus examined 
histologically or bacteriologically; or histological and bac- 
teriological examination of an explanted valve. Structural 
valve degeneration was defined as valvular incompetence 
or stenosis with degenerative changes confirmed on gross 
and histological examination of the explanted valve and 
without any bacteriological or histological evidence of 
infection. 

Patient survival included operative mortality and was 
calculated by the life-table survival method [6]. Freedom 
from thromboembolism, endocarditis, and structural 
valve degeneration was calculated by the life-table 
method [6], and confidence limits were calculated by 
Greenwood’s formula [7]. Because valve-related events 
did not occur at a constant rate, the hazard function was 
calculated in yearly ifitervals [8]. Individual aortic and - 
mitral valve freedom from structural degeneration was 
examined independent of the patient, as recommended 
by Bodnar and associates [9]. Comparison between 
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groups was determined by the log-rank statistic [10]. 
Multivariate risk analysis for valve-related events was 
performed by the Cox proportional hazards regression 
model [11]. Stepwise logistic regression was used to 
perform the risk-factor analysis for death after hospital 
discharge following initial porcine valve implantation and 
after reoperation. 

Risk factors examined for late death, thromboembo- 
lism, endocarditis, and structural valve degeneration 
were as follows: age, sex, New York Heart Association 
class, presence of coronary artery disease, previous myo- 
cardial infarction, rhythm, valve position, valve type 
(Hancock or Carpentier-Edwards), presence of anticoag- 
ulation, preoperative mean pulmonary artery pressure, 
pulmonary capillary wedge pressure, and cardiac index 
less than 2 L/min/m? or 2 L/min/m? or greater. For risk of 
death at reoperation, to these risk factors were added the 
following: the number of the open heart procedure, 
operative procedure, and status at operation, ie, emer- 
gency (operation necessary within 24 hours of catheter- 
ization or admission because of symptoms), urgent (op- 
eration necessary within six days of catheterization or 
admission because of symptoms) and elective (operation 
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Fig 1. Patient survival (all porcine 
valves) was 80% at 5 years, 59% at 
10 years, and 38% at 15 years. 
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performed seven or more days after catheterization or 
admission or if earlier, operation not dictated by severe 
worsening of symptoms). 


Results 


Patient Survival 

Patient survival with operative mortality included was 
80% + 1.4% (+ standard error of the mean [SEM]) at 5 
years, 59% + 2.2% at 10 years, and 38% + 4.0% at 15 years 
(Fig 1). Risk factors associated with late death after hos- 
pital discharge were age greater than 35 years (p = 0.03, 
relative risk = 1.5) and New York Heart Association class 
IV (p = 0.0005, relative risk = 1.8 versus class II and 1.1 
versus class MI). 


Thromboembolism 

Freedom from thromboembolism for all valves was 96% + 
0.7% (SEM) at 5 years, 92% + 1.2% at 10 years, and 89% 
+ 3.2% at 15 years (Fig 2). The hazard function for 
thromboembolism showed a high early risk and a lower 
but continuous risk later (Fig 3). 


Fig 2. Freedom from thromboembolism (all 
porcine valves) was 92% at 10 years and 
89% at 15 years. 
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Fig 3. The hazard junction for throm- 
boembolism (all porcine valves) showed 
a high early risk and a lower but con- 
tinuous risk later. 


Fig 4. Freedom from endocarditis (all 
porcine valves) was 93% at 10 years 
and 92% at 15 years. 


Fig 5. The hazard function for endocardi- 
tis {all porcine valves) showed a continu- 
ous, low risk of endocarditis. 
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Fig 6. Freedom from structural valve 
degeneration (all porcine valves) was 
71% at 10 years and 31% at 15 
years. 
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Endocarditis 


Prosthetic valve endocarditis has occurred 56 times. Pa- 
tient characteristics and the risk of factors associated with 
prosthetic valve endocarditis have been extensively re- 
ported [12]. Freedom from prosthetic valve endocarditis 
was 96% + 0.7% (SEM) at 5 years, 93% + 1.2% at 10 years, 
and 92% + 1.3% at 15 years (Fig 4). The hazard function 
showed a continuous, low risk of endocarditis (Fig 5). 


Structural Valve Degeneration 


The freedom from structural valve degeneration for 980 
patients with a first porcine valve operation was 98% + 
0.6% (SEM) at 5 years, 71% + 2.6% at 10 years, and 31% 
+ 5.6% at 15 years (Fig 6). Freedom from structural valve 
degeneration for all aortic valves was 98% + 0.8% (SEM) 
at5 years, 76% + 4.2% at 10 years, and 37% + 11.2% at 15 
years (Fig 7). For all mitral valves, freedom from structural 
valve degeneration was 97% + 0.9% (SEM) at 5 years, 71% 
+ 3.1% at 10 years, and 30% + 6.5% at 15 years (Fig 8). 
The hazard function showed a steady rise in structural 
valve degeneration from years 6 through 10 and a marked 
rise after year 11 (Fig 9). 
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Significant factors associated with structural valve de- 
generation after the first porcine valve implantation were 
age less than 35 years (p = 0.001, relative risk = 1.5), 
female sex (p = 0.05, relative risk = 1.2 versus male sex), 
and cardiac index greater than 2 L/min/m? (p = 0.04, 
relative risk = 1.7 versus cardiac index less than 2 L/ 
min/m?). 


Reoperation 

Reoperation for porcine valve structural degeneration was 
carried out 165 times for a first valve failure. Mortality at 
30 days was 13.3% (22 patients). An additional 11 patients 
had reoperation for a second valve failure with no deaths. 
Overall mortality for reoperation for structural valve de- 
generation was 12.5%. Stepwise logistic regression anal- 
ysis was used to determine the risk of dying at reopera- 
tion for structural valve degeneration. Significant risk 
factors for death at reoperation were emergency operation 
(p = 0.003, relative risk = 4.1 versus elective operation 
and 1.3 versus urgent operation), and New York Heart 
Association class IV (p = 0.005, relative risk = 5.5 versus 
class IID). 


Fig 7. For aortic valves, freedom from 
structural valve degeneration was 76% 
at 10 years and 37% at 15 years. 


34 22 


11 12 13 14 15 


328 MAGILLIGAN ET AL 
BIOPROSTHETIC HEART VALVE 


Fig 8. For mitral vatves, freedom from 
structural valve degeneration was 71% 100 
at 10 years and 30% at 15 years. : 90 
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Comment 


The porcine bioprosthetic valve emerged on the scene a 
scant 9 years after the Starr-Edwards ball-valve prosthesis 
[13] and 1 year after the Bjérk-Shiley tilting-disc valve [14]. 
This glutaraldehyde-treated, stent-mounted porcine aor- 
tic valve can now rightfully be called an older heart valve 
prosthesis. 

At its initial clinical use, the valve was heralded as an 
improvement over mechanical valves because of its low 
rate of thromboembolism and its freedom from anticoag- 
ulation-related hemorrhage. In addition, it was predicted 
to provide improvement over the initial experience with 
homografts [15] and fascia lata valves [16], as the gluta- 
raldehyde process would make it more durable and more 
resistant to infection. 

The rate of thromboembolism with the porcine biopros- 
thetic valve continues to be low at 15 years. Although 
others [17] have suggested that many embolic events 
occur in the first months after valve implantation, the 
hazard function for our data suggests that although the 
risk is highest initially, it is continuous (see Fig 3). Our 
knowledge of the true incidence of and the risk factors for 


Fig 9. The hazard function for struc- 

tural valve degeneration (all porcine 100 
valves) showed a steady rise from years 90 
6 through 10 and a marked rise after 80 
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thromboembolism are imprecise, as described by McGoon 
[18]. 

Our early experience showed that the porcine valve, 
unlike previous tissue valves, could be sterilized in the ` 
face of prosthetic valve endocarditis [19]. The early opti- 
mism, however, was soon limited by the fact that the 
number of deaths due to endocarditis of porcine valves 
was no different from that of mechanical valves [20]. 
Currently the number of deaths caused by prosthetic 
valve endocarditis is lower than a decade ago, most likely 
because of improved antibiotics. However, even though it 
has become easier to sterilize the porcine bioprosthesis, 
our group [21] has noted that a prosthetic valve success- 
fully treated medically for endocarditis and without evi- 
dence of destruction will undergo structural valve degen- 
eration sooner than other porcine valves. 

Structural valve degeneration, unrelated to infection, 
remains the major deficiency of the porcine valve. The 
freedom from structural valve degeneration at 15 years of 
31% is similar to the equivalent experience of other 
investigators [22-24]. As in previous studies, age less than 
35 years is a significant risk factor. For the first time in our 
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analysis, female sex appeared as a significant indepen- 
dent risk factor. 

The fact that a cardiac index greater than 2 L/min/m? 
prior to porcine valve implantation appeared to be a 
significant risk factor for structural valve degeneration 
suggests a role for mechanical stress as a common cause of 
all tissue valve failure. We know that tissue valves fail at 
the site of greatest stress [25]. Calcification in the porcine 
valve also occurs at the site of the greatest mechanical 
stress [25, 26]. It is therefore most likely that calcification 
does not accur as a primary event, but that mechanical 
stresses damage the structural integrity of the valve and 
lead to valve failure with or without calcification. This 
would explain why failure occurs more frequently with 
young age, pregnancy, and renal failure, when heart rates 
are higher [27]. 

Reoperation for structural valve degeneration in a total 
of 176 instances resulted in a 12.5% mortality, which is 
similar to the long-term experience of others [28, 29]. In 
the Cox model, emergency operation and New York 
Heart Association class IV were associated with a signifi- 
cant risk of death at reoperation. It is clear that to decrease 
the incidence of death at reoperation, the incidence of 
emergency reoperation must be lowered by increased 
surveillance. An assessment of the hazard function for 
structural valve degeneration (see Fig 9) suggests that 
clinical and echocardiographic evaluation of valve func- 
tion be performed annually in years 1 through 5, semian- 
nually in years 6 through 10, and quarterly thereafter. 

In the 15 years of use of the porcine bioprosthetic valve, 
the follow-up has been intensively investigated. The valve 
has fulfilled the expectations in regard to thromboembo- 
lism. Structural valve degeneration occurring at a rate of 
30% at 10 years in both young and older patients and up 
to 70% at 15 years suggests that its use be confined to 
older patients or patients with a contraindication to anti- 
coagulation. , 


We acknowledge the statistical analyses provided by Edward 
Peterson, PhD, and Gordon Jacobsen, MS, Department of Bio- 
statistics, Henry Ford Hospital. 
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DISCUSSION 


DR LAWRENCE H. COHN (Boston, MA): From 1970 to 1972, six 
institutions around the world began a clinical investigation of the 
use study that Dr Magilligan has presented. These institutions 
included the grcup at Padua, Italy, the Oklahoma City group 
with Dr Zuhdi, the National Institutes of Health, Brigham and 
Women’s Hospital (then called Peter Bent Brigham Hospital), 
Stanford University, and Henry Ford Hospital. 

These institutions have consistently prepared long-term re- 
ports such as the one we have just heard. I think these reports, 
like the report of Dr Magilligan, have given an excellent and 
honest evaluation of this valve, perhaps in greater detail than for 
any other valve that has ever been studied. From the analysis of 
these data, I think that the porcine valve is a very reasonable 
10-year valve, ie, structural degeneration -egins to increase 
significantly at about this point. Of course, the data analyzed, 
like Dr Magilligan’s data, are taken from a large number of 
patients in different age groups and with a number of different 
risk factors. My colleagues and I know from our own work and 
from work by Dr Pupello in Florida that the probability of valve 
dysfunction is much less in the elderly age group at 10 years than 
in younger patients. 

We looked at cur data on 1,678 Hancock valves that we have 
implanted over the last 16 years at Brigham and Women’s 
Hospital. Our data show similar findings to those of Dr Magilli- 
gan. In our perscnal group of 825 Hancock porcine aortic valve 
replacements, begun in 1972, structural valve degeneration cor- 
relates very nicely with the hazard risk, documenting an increase 
in dysfunction after about 10 years. At 12 years. the probability of 
freedom from structural valve degeneration was 72% + 5% and at 
14 years, it was 55% + 8%, with a hazard of 17% + 12%. I believe 
the new term structural valve degeneration is going to become more 
popular in view o7 the guidelines published in The Annals and The 
Journal of Thoracic and Cardiovascular Surgery in September. 

Our data are roughly similar to those of Dr Magilligan, al- 
though slightly more optimistic. Again, any difference may 
represent the difference in demography, which has to be very 
carefully analyzed in any valve study. For example, the mean age 
in our group was 65 years, and we had no patient less than 21 
years of age. 

The other thing to remember is that at the end of the actuarial 
curves in this study, ie, at 15 years, the number of patients at risk 
is extremely small. Hence, any event that occurs in that end- 
study group makes a very sharp decline in the actuarial curve. I 
think it is important to present all the data, but on the other 
hand, it may not be possible to make a valid statistical conclusion 
at 15 years. 

This may be a moot point, because with the number of 
reoperations and the age of patients with decreased survival and 
the number of patents with coronary artery disease, for example, 
we may never be able to get a big enough cohort with porcine 
valves. Dr Magilligan, | would appreciate your comments on the 
statistical validity of the 15-year points that you have mentioned. 

Based on our work with a large number of porcine valves, we 
believe, as does Dz Magilligan, that the time has come to redefine 
the indications for use of porcine bioprosthetic valves. It is an 
excellent valve for the elderly patient, defined as older than 65 
years. It is-an excellent valve when there are contraindications to 
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anticoagulation, when the patient is a female patient of child- 
bearing age or one who wishes to have children, and when any 
patient has a particular preference for a biological valve. 

Finally, I congratulate Dr Magilligan for the persistence, indus- 
try, and effort necessary to do this kind of analysis for 15 
consecutive years. 


DR ROBERT W. M. FRATER (Bronx, NY): There are two 
questions I have for Dr Magilligan. I was intrigued by the cardiac 
index of more than 2 as a factor in valve deterioration, and I agree 
with the premise that physical stress is probably important in 
this. However, I wonder if it is possible that all the patients with 
a cardiac index of less than 2 did not live long enough for valve 
degeneration to develop, because that is an extraordinarily low 
index and surely was a negative prognostic factor for patient 
survival. 

The other question is whether it is reasonable to draw a 
conclusion about use of this valve based on this experience. 
Surely we would need to look at the experience with all valves to 
decide which valve to use in a given circumstance. If you decide 
not to use this valve under certain circumstances, you must have 
an alternative in mind. Should we not be looking at patient 
survival that is relatively complication free with different devices 
to decide which Gevice is appropriate for which patient, rather 
than determining that we will not use the Hancock valve under 
certain circumstances because of its isolated performance? 


DR WATTS R. WEBB (New Orleans, LA): I notice that you have 
used these valves in children as young as 6 years. In view of your 
experience now and the danger of calcification in the growing 
child, what age would you recommend as the minimum for 
putting this valve in children? 


DR MAGILLIGAN: Thank you. Dr Webb, we would not put a 
porcine bioprosthetic valve in a child. We would perform recon- 
structive procedures to a great extent, even leaving some valvular 
insufficiency, use a mechanical prosthesis, or possibly use a 
homograft in the aortic position. 

We appreciate Dr Cohn’s comments. I think the conclusions of 
everyone are the same; that failure increases dramatically after 10 
years and that the valve has a reasonably acceptable life span up 
to 10 years. 

Dr Cohn questions whether we should report the leading edge 
of the actuarial curve. It is true that beyond 15 years, there were 
only 7 patients to be analyzed. In any event, these patients would 
markedly decrease the curve as demonstrated by the associated 
SEM or confidence limits. I think it is important that we present 
the curve and leave the interpretation to the reader. However, 
the readers have to look at all the data presented with some 
degree of intelligence. I think that not reporting such data is a 
greater failure than reporting them. 

Dr Frater, I think that we do need to look at all valve 
prostheses, and in practicing cardiac surgery, I think that is what 
we all do. We make a choice based on information available. We 
did not talk about other valves simply because I do not have the 
same kind of information about other valve prostheses. 
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Surgical reperfusion of experimental infarction leads to 
improved recovery of regional function compared with 
medical reperfusion, but sustained myocardial salvage 
has not been demonstrated. Twenty-two dogs were sub- 
jected to two hours of anterior descending occlusion and 
divided into three groups: group P (n = 7), no reperfu- 
sion; group M (n = 8), medical reperfusion; and group S 
(n = 7), controlled surgical reperfusion. Ischemia caused 
systolic bulging (—36% of control systolic shortening, p 
< 0.01) and decreased regional work (9% of control 
pressure-length loop area, p < 0.05). Thirty minutes after 
reperfusion group M had persistent systolic bulging 
(-—9% of control systolic shortening) and decreased re- 
gional work (9% of ‘control pressure-length loop area), 
whereas group S had +17% of control systolic shortening 


arly reperfusion of acute myocardial infarction has 
become, with the advent of thrombolysis and angio- 
plasty, the prerogative of the invasive cardiologist. Al- 
though such methods are successful in restoring coronary 
patency, investigations of experimental infarction have 
demonstrated that simple restoration of flow may pro- 
duce additional injury [1, 2]. This reperfusion injury 
appears to be multifactorial in etiology, and may be 
minimized if the conditions of reperfusion and the reper- 
fusate itself are modified [3-16]. ` 
Reperfusion that utilizes surgical techniques of cardio- 
pulmonary bypass and cardioplegic arrest offers an un- 
usual opportunity for control of reperfusion after regional 
ischemia. Several experimental studies have demon- 
strated an improvement in acute functional recovery and 
infarct size with the use of supplemented blood cardiople- 
gic solution [3, 4, 9, 10, 12, 15]. Results in these studies 
were recorded within a few hours after infusion of a 
modified reperfusate had been completed. It is uncertain, 
in the absence of continued intervention, whether these 
improvements are temporary or permanent. It is certainly 
possible that reperfusion injury has a'late as well as an 
early component. If sustained improvement in myocardial 
salvage with surgical reperfusion can be demonstrated, 
the current practice which favors medical revasculariza- 
tion of acute infarction should be reconsidered. 
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and 33% of control pressure-length loop area. After 1 
week, regional function improved in all three groups 
(percent of control systolic shortening: group P, 26%; 
group M, 19%; group S, 52%), but systolic shortening 
was significantly better in group S (p < 0.05 versus group 
M). Surgical reperfusion also resulted in one half of the 
eventual myocardial necrosis found in the other groups 
(group P, 45% of area at risk; group M, 38%; group S, 
19%; p < 0.05, group S versus group P or M). In this 
model, medical reperfusion offered no demonstrable 
benefit, whereas controlled surgical reperfusion led to a 
sustained (1 week) improvement in regional function 
and significant myocardial salvage. 


(Ann Thorac Surg 1989;48:331-8) 


The present experimental study compares the early and 
late outcome of medical versus surgical reperfusion in 
dogs after two hours of coronary occlusion simulating 
clinically feasible medical and surgical revascularization 
protocols. Flow restoration in “medically treated” animals 
represented successful thrombolysis or angioplasty. Sur- 
gically reperfused animals underwent 45 minutes of car- 
dioplegic arrest consistent with performance of multiple 
distal coronary anastomoses. A group of control animals 
underwent permanent coronary ligation, representinz 
patients not receiving early reperfusion. The timing and 
magnitude of the interventions were designed to parallel 
those currently available for the patient seen with estat- 
lished, ongoing ischemia. 


Material and Methods 


Experimental Procedure 
Forty-three heartworm-free mongrel dogs (20 to 35 kg) 
were used in a two-stage chronic study. In the first stage, 
carried out under sterile conditions, the animals were 
premedicated with morphine sulfate, 4 mg/kg, subcuta- 
neously and anesthesia was induced with intravenous 
sodium pentobarbital, 20 mg/kg, and maintained with the 
same agent intravenously. Endotracheal ventilation was 
controlled by a Bennett MA-1 volume ventilator. Ade- 
quate oxygenation and ventilation was assured by fre- 
quent arterial blood gas analyses. 

The heart and great vessels were exposed through a left 
lateral thoracotomy. Aortic and left atrial pressures were 
monitored with Hewlett-Packard quartz pressure trans- 
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ducers (Model 1290-A, Hewlett-Packard, Andover, MA) 
using fluid-filled polyethylene catheters inserted through 
the internal mammary artery and the left atrium, respec- 
tively. Left ventricular pressure and its first derivative (LV 
dp/dt) were obtained from a 7F Mikro-Tip catheter trans- 
ducer (Miller Instrument Inc, Houston, TX) inserted via 
the proximal descending thoracic aorta. Two pairs of 
sonomicrometric piezoelectric crystals were implanted in 
the midmyocardium, perpendicular to the long axis of the 
left ventricle in the distribution of the left anterior de- 
scending coronary artery (LAD) and of the circumflex 
coronary artery (CX). The crystals were secured in place 
using 6-0 Prolene (Ethicon) sutures. Myocardial segment 
lengths were measured by a Triton sonomicrometer (Tri- 
ton Technology Inc, San Diego, CA). Two atrial pacing 
wires, one attached to the right atrium and the other to 
the left atrium, were placed to enable atrial pacing at 120 
beats per minute if the animal's heart rate was below that 
level. A Swan-Ganz catheter was inserted into the pulmo- 
nary artery for cardiac output measurements using the 
thermodilution method. 

After instrumentation, baseline Heisan and 
functional measurements (control values) were obtained. 
After systemic heparinization (4 mg/kg), normothermic 
regional ischemia was produced for two hours by snare 
occlusion of the proximal LAD immediately beyond the 
origin of the first diagonal branch. Visible collateral ves- 
sels from the CX were also snared. A 100-mg lidocaine 
injection was given intravenously five minutes before 
occlusion, and a lidocaine infusion (1 mg/min) was admin- 
istered during the period of coronary ligation and early 
reperfusion. Myocardial blood flows of both the normal 
and ischemic regions were measured by injecting radio- 
active microspheres (15 um, DuPont New England Nu- 
clear, Boston, MA) into the left atrium after 30 minutes of 
regional ischemia. A reference sample was obtained by 
withdrawing a known quantity of blood through the 
internal mammary artery for one minute simultaneously 
with injection of the microspheres [17]. Complete collec- 
tion of microspheres was verified by drawing a second 
sample for one minute after the reference sample. Hemo- 
dynamic data and segmental length measurements were 
continuously mcnitored during the ischemic period. 

The animals were’ divided into three groups: a perma- 
nent occlusion group (P), a medical reperfusion group 
(M), and a surgical reperfusion group (S). In the perma- 
nent occlusion group, the animal’s LAD and its collaterals 
were permanently ligated with no subsequent reperfu- 
sion. This group simulates acute clinical coronary occlu- 
sion without early reperfusion. Hemodynamic and seg- 
mental length measurements were obtained after two 
hours of LAD ligation. In the medical reperfusion group, 
the LAD occlusion and snares on collateral vessels were 
released after two hours of ischemia to provide unmodi- 
fied reperfusion with the heart in the beating, working 
state, simulating revascularization by thrombolytic agents 
and/or angioplasty. Hemodynamic and segmental con- 
traction measurements were repeated after 30 minutes of 
reperfusion. 

In the surgical reperfusion group, the animals were 
placed on total cardiopulmonary bypass immediately be- 
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Table 1. Contents of Substrate-Enriched Blood Cardioplegia 





Crystalloid Concentration 

Component Content Delivered 
Blood Hematocrit, 20%-30% 
KCI 50 mEg/L 12-16 mEq/L 
THAM (0.3 M) 260 mL 
Glucose 16.2 g/L >400 mg/dL 
Aspartate 10.1 g/L 12 mmol/L 
Glutamate 11.0 g/L 12 mmol/L 
CPD 65 mL 500-600 mmol/L 
Allopurinol 0.68 g/L 1 mmol/L 
pH 7.8 at 37°C 

370-400 mosm/L 


Osmolarity 


fore reperfusion after two hours of regional ischemia, 
using a 14F right-angle arterial cannula in the left subcla- 
vian artery and a single modified 34F right atrial cannula. 
The aorta was then clamped, and a substrate-enriched 
cardioplegic solution was infused for five minutes at 50 
mm Hg and 37°C via a-double-lumen aortic root cannula 
(Table 1). While the aorta was clamped, the left ventricle 
was vented through a left atrial catheter to avoid any 
distention. Simultaneously, the LAD and collateral occlu- 
sions were released. The initial warm cardioplegic reper- 
fusate was followed by a five-minute infusion of 4°C blood 
cardioplegic solution of the same composition. At this 
time, the animal was systemically cooled to 28°C. The 
aorta was clamped for a total of 45 minutes, and cold 
blood cardioplegic replenishments were given at 20 min- 
utes and 35 minutes at 50 mm Hg pressure for two 
minutes to simulate the operating conditions when mul- 
tiple distal graft anastomoses are performed. ‘Systemic 
rewarming of the animal began after 35 minutes of hypo- 
thermic global ischemia, and 37°C substrate-enriched 
blood cardioplegic solution was infused for three minutes 
at 50 mm Hg immediately before the aortic clamp was 
removed. After clamp removal, perfusion pressure was 
initially lowered to 50 mm Hg, and was gradually raised 
to 80 mm Hg over a five-minute period. The total duration 
of ischemia in the surgical reperfusion group was 2 hours 
45 minutes (2 hours of normothermic coronary ligation 
and 45 minutes of hypothermic aortic clamping). The 
animal was then maintained on cardiopulmonary bypass 
for an additional 30 minutes before the heart was returned 
to the beating, working state for 30 minutes and repeat 
hemodynamic and segmental-length measurements were 
obtained. 

_ After all necessary measurements were recorded, the 
chest incision was closed and the animals were allowed to 
recover. All animals received 24 hours of perioperative 
antibiotics with intravenous and intramuscular cephapirin 
sodium and three days of intramuscular morphine sulfate 
analgesic. 

The second stage of the study occurred 1 week later. 
The animal was premedicated and anesthetized as for the 
first part of the study, the left chest incision was re- 
opened, and left atrial, left ventricular, aortic, and Swan- 
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Ganz catheters, as well as atrial pacing wires, were 
reinserted. The ultrasonic crystals imbedded in the myo- 
cardium were reconnected to the sonomicrometer. Hemo- 
dynamic, segmental-length, and regional blood flow (us- 
ing microspheres) measurements were documented. The 
area of left ventricle at risk for infarction was determined 
by reoccluding i the LAD and the obvious collateral vessels 
(in medical and surgical animals) and injecting 35 mL of 
5% Evans blue dye into the left atrium. After 10 seconds, 
the heart was arrested with intracardiac KCI, excised, and 
trimmed of atria, great vessels, and right ventricular free 
wall. The left ventricle was sliced into 5-mm-thick trans- 
verse sections and weighed. Each side of each slice was 
traced on'acetate paper to define the stained (nonisch- 
emic) and unstained (ischemic) tissue. The slices were 
then incubated in a 1% solution of triphenyltetrazolium 
chloride for 30 minutes at 37°C [18]. The area of infarcted 
myocardium, which did not stain with triphenyltetra- 
zolium chloride, was traced on acetate sheets. The area at 
risk and the area of infarct were determined by planimetry 
and expressed as a percent of the total left ventricular 
area. Infarct size is expressed as a fraction of the area at 
risk. After the tissue was stained for infarction, the center 
of the ischemic area was sampled for radioactive micro- 
sphere determinations to evaluate regional blood flow. 

All experiments were performed in accordance with 
“The Principles of Laboratory Animal Care” formulated 
by the National Society for Medical Research and the 
“Guide for the Care and Use of Laboratory Animals” 
(NIH publication No. 85-23, revised 1985). 


Data Analysis 


Animal data were excluded from analysis if the animal 
failed to complete the entire experimental protocol. Myo- 
cardial salvage was assessed by comparing the ratio of 
area of infarct to area at risk in the left ventricle. i 

Regional blood flow during acute ischemia and chronic 
recovery phases was estimated using the microsphere 
technique [17]. Transmural, epicardial, and subendocar- 
dial flows were calculated in both ischemic and normal 
regions by selecting representative muscle samples in the 
anterior (ischemic or nonstained) and posterior (normal) 
surfaces of the left ventricle, respectively. Ischemic flow 
was normalized and presented as percentage of transmu- 
ral flow in the normal myocardium. 

Systolic segmental shortening and pressure-length 
loops of the ischemic LAD and nonischemic CX regions 
were used to assess regional ventricular function. Percent 
systolic shortening was calculated as 100 x (EDL — 
ESLVYEDL, where EDL and ESL are end-diastolic length 
and end-systolic length, respectively. Pressure-length 
loops were constructed for each region by plotting the left 
ventricular pressure on the ordinate and the segmental 
length on the abscissa. The area within each of these loops 
is a quantitative estimate of work performance at this 
region of the left ventricle. The ratio of systolic segmental 
shortening or pressure-length loop area measured after 
ischemia or reperfusion to its counterpart before ischemia 
was used as an index of recovery of regional myocardial 
function. Stroke work index (SWI) was calculated as: 
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(MAP — LVEDP) x CO x 1.36 
Body weight x HR x 100 


where MAP and LVEDP are mean arterial and left ven- 
tricular end-diastolic pressures, HR is heart rate in beats 
per minute, and CO is cardiac output measured in milli- 
liters per minute. Stroke work index (SWI) and LV dp/dt 
were used to estimate global left ventricular function. 


Statistical Analysis 


All values are expressed as mean + standard error of the 
mean. Statistical analysis was performed using BMDP 
Statistical Software (BMDP Statistical Software, Inc, Los 
Angeles, CA) under the supervision of E. C. Hall, PhD, 
Department of Biometry and Statistics, Emory University. 
Comparison of control variables with measurements ob- 
tained during the ischemic and reperfusion periods were 
made with the paired Student's t test or Wilcoxon signed 
rank test, as appropriate. A repeated measures analysis of 
variance was used to evaluate the main effects of reper- 
fusion treatment method and experimental phase and 
their interaction, followed by pairwise comparisons using 
the Bonferroni method. Unpaired t test and analysis cf 
variance were used to compare group means. Multivariate 
analyses using stepwise regression were performed to 
evaluate the effect of treatment, regional function during 
ischemia, and area at risk on infarct size or regional 
function after 1 week of recovery. Simple linear regression 
was used to analyze the relationships between regional 
ischemic function, recovery of function, and infarct size. 
Probability (p) values less than 0.05 were considered to be 
statistically significant. 


Results 


Exclusions from Data Analysis 


Twenty-two of 43 animals completed the two-staged 
study. Sixteen animals developed ventricular fibrillation 
and died within 30 minutes of LAD occlusion. Two 
additional animals fibrillated after 30 minutes but before 
two hours of ischemia. Twenty-five dogs completed two 
hours of ischemia without ventricular fibrillation. Of these 
25 animals, 2 dogs in the medical reperfusion group 
fibrillated during the early reperfusion period. Twentv-’ 
three animals, therefore, completed stage 1 and recovered 
from anesthesia. Of these, 1 animal in the surgical reper- 
fusion group died four days after stage 1 due to gastroin- 
testinal hemorrhage and small bowel obstruction related 
to a congenital jejunal diverticulum discovered at au- 
topsy. The remaining 22 dogs completed stage 2 and were 
included in data analysis. Seven underwent permanent 
LAD ligation, 8 received medical reperfusion, and 7 had 
surgical reperfusion. l 


Ischemia 


Baseline hemodynamic and regional function were similar 
in animals of all three groups (Tables 2 and 3). Before 
regional ischemia was induced, the average percent sys- 
tolic segmental shortening of the LAD region was 15.9% 
+2. 0%, 18.7% + 2.5%, ahd 15.6% + 1.2% in the perma- 
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Table 2. Selected Hemodynamic Data" 
f 30-Minute 
Variable Control 2-Hour Ischemia Reperfusion 1 Week 
Mean aortic pressure (mm Hg) 
Permanent occlusion (n = 7) 122 4 9 101 +7 114429 
Medical reperfusion (n = 8) 110 +3 10445 96 + 4° 109 +5 
Surgical reperfusion (n = 7) 120 + 4 102 + 6° 92 + 5? 106 + 8 
Left atrial pressure (mm Hg) 
Permanent occlusion (n = 7) 8.0 + 1.5 9.3 +13 9.9 +21 
Medical reperfusion (n = 8) 7.2414 8.4+1.0 7.9 + 1.0 6.6 + 1.4 
Surgical reperfusion (n = 7) 7.7 + 1.6 9.3 + 1.4 7.4 £1.2 8.7 + 1.4 
Max dp/dt (% con-rol) 
Permanent occlusion (n = 7) 100 91 + 3° 115 +9 
Medical reperfusion (n = 8) 100 81 + 3b 86 + 2b< 108 + 8 
Surgical reperfusion (n = 7) 100 77 = 6 99 120 + 13 
Stroke work (% control) 
Permanent occlusion (n = 6) 100 65 + 10 72+9 
Medical reperfusion 100 {n = 6) 73 42(n = 5) 76 = 3(n = 5) 105 + 18 (n = 6) 
Surgical reperfusion 100 (n = 7) 61 +3 (n= 4) 60 + 4(n = 7) 





a All values in mean + SEM. > Significance: p < 0.05 ys control. 


nent occlusion, medical reperfusion, and surgical reper- 
fusion groups, respectively. Five minutes after the proxi- 
mal LAD was occluded, all animals developed significant 
bulging (mean, —35.7% + 5.1% of control shortening). 
The nonischemic CX regions maintained 95.8% + 11.9% 
of control segmental shortening. Three animals had CX 
hyperkinesis of over 20% (2 in group P and 1 in group $). 
Two animals in the surgical group developed significant 
CX dysfunction, 18% and —61% of control shortening, 
respectively, in addition to LAD bulging. This pattern of 
regional dyskinesis continued throughout the two-hour 
ischemic period in all experimental subjects with little 
improvement. At the end of two. hours, the area within 


Table 3. Regional Function Data 


Variable Control 


LAD systolic shortening (%)* 


Permanent occlusion 15.9 + 2.0 (100) 


_m@=7) 

Medical reperfusion 18.7 = 2.5 (100) 
(m= 8) 

Surgical reperfusion 15.6 + 1.2 (100) 
{n= 7) 


LAD pressure-leng:h loop 
area (mm Hg)* 


Permanent occlusion 248 + 33 (100) 


(R= 7): 
Medical reperfusion 178 + 35 (100) 
(n = 8) 
Surgical reperfusion 177 + 17 (100) 
(n= 7) 


a Numbers in parentheses are the percent of control value. 


2-Hour Ischemia 


-1.6 + 2.2 (—9.0 + 16.3) 
—5.7 + 1.7 (-36.0 + 10.6) 


—4.9 + 1.8 (—29.0 + 9.8) 


23 + 11 (8.2 + 3.8) 
9+ 14 (0.1 +5.7) 


24 + 17 (13.0 + 7.6) 


89 + 11 (n = 6) 





€ Significance: p < 0.02 vs 1 week. 


the pressure length loop in the ischemic region averaged 
only 6.7 + 3.5% of control levels, and stroke work index 
decreased by almost 35%, indicating severe myocardial 
dysfunction. There was no significant difference in the 
three groups in the response to coronary occlusion. 


Early Reperfusion 

Immediately after reperfusion began with unmodified 
blood, 2. animals assigned to the medical reperfusion 
treatment group sustained irreversible ventricular fibrilla- 
tion and died. These 2 animals were excluded from the 
study. In contrast, all animals in the surgical reperfusion 
group had no reperfusion ventricular ectopy, and all but 





30-Minute Reperfusion 1 Week 


3.2 + 1.6 (26.0 + 14.4) 
-1.2419(-9.0292) 3.2 + 1.2 (19.0 + 7.1) 
2.9 + 1.0 (17.0 + 19.3) 8.5 + 2.0 (52.0 + 10.9) 
71 +24 (37.5 + 13.1) 
19 +13 (9.1 + 5.3) 71 +13 (44.5 + 7.4) 


64 +23 (33.4 + 11.3) 115 +25 (65.3 + 13.2) 


PB S vs Mand S vs P, p < 0.05; analysis of variance, p < 0.05. 
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éo p<0.001 


Control 2H 30 Min 
ischemia Reperfusion 


1 Week 


Fig 1. Regional shortening in the left anterior descending (LAD) re- 


gion decreased after two hours of ischemia with significant bulging in | 


all groups. Regional shortening improved in all three groups over 1 
week after the initial LAD region damage. This improvement occurred 
in the group with permanent occlusion as well as in the two groups 
with reperfusion (see Table 3). 


1 resumed sinus rhythm spontaneously. However, seg- 
mental contraction was still depressed in both medical 
and surgical groups after 30 minutes of reperfusion, with 
the surgical group animals having slightly better (NS) 
LAD shortening and larger pressure loop length area 
(Table 3). No significant hemodynamic changes were 
noted between the two groups except the higher heart 
rate and increased cardiac output recorded in the surgical 
group. All animals that received simulated surgical reper- 
fusion treatment were successfully weaned from cardio- 
pulmonary bypass without pharmacologic agents. The 
animals in this group received an average of 1,400 mL of 
blood cardioplegia over 45 minutes. 


Late Reperfusion 


After the animals recovered from the initial operation, 
they were restudied 1 week later, and data are summa- 
rized in Tables 2 and 3. In general, regional function was 
significantly better compared with the measurements 
during ischemia and acute reperfusion (Fig 1). Global 
ventricular function and hemodynamic values were sim- 
ilar to control levels. The mean LAD segmental shorten- 
ing for all 22 animals improved from —25% of control after 
two hours of ischemia to 32% of control (p < 0.001 by 
RMANOVA) after 1 week of recovery (Fig 1). The mean 
regional work performed (pressure-length loop) also im- 
proved from 17% to 49% of control (p < 0.001 by 
RMANOVA). The recovery of segmental shortening at 1 
week was significantly. better for the surgical group than 
for the medical reperfusion group (52% vs 19%, p < 0.05) 
(Fig 2). 

Infarct size determination at 1 week using triphenyltet- 
razolium chloride staining also showed marked differ- 
ences between treatment groups. Animals who suffered 
permanent proximal LAD occlusion had the largest in- 
farcts, an average of 45% of the area at risk. The infarct 
size in the medically reperfused group was only slightly 
better (NS), averaging 38% of the area at risk. A dramatic 
improvement was observed in the surgically reperfused 
group, with the infarct size averaging only 19% of the area 
at risk (p < 0.05 vs. medical or permanent groups) (Fig 3). 
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LAD SHORTENING 
(% CONTROL) 


Medical Repertusion Group 
Surgical Repertusion Group 





2H 30 Min 
ischemia Reperfusion 


1 Week 


Fig 2. Recovery of left anterior descending (LAD) shortening was 
significantly superior in the surgical reperfusion group compared with 
the medical reperfusion group. In each of these two groups, regional 
bulging was present at the end of two hours of ischemia. After medical 
reperfusion, regional bulging persisted after 30 minutes of reperfusion 
but regional shortening occurred after surgical reperfusion. After 1 
week of reperfusion, there was a significant difference in the recovery 
of regional shortening for the surgical group (52% of control) com- 
pared with the medical group (19% of control, p < 0.05). 


Myocardial blood flow measurements during acute 
ischemia indicated the regional flows to the ischemic 
endocardium and epicardium at risk were reduced to 26% 
+ 8% and 32% + 2% of transmural blood flow in the 
respective CX regions. After 1 week, the blood flow to the 
vulnerable endocardium improved to 45% + 9% of nor- 
mal flow, while the vulnerable epicardium received 66% 
+ 8% normal flow. The flow distribution and recovery 
were not significantly different among the three treatment 
groups. 

Multivariate analyses were performed to evaluate the 
relative importance of treatment, ischemic blood flow, 
and area at risk as predictive variables for eventual infarct 
size. The treatment difference was the only significant 
determining factor in myocardial salvage (F = 6.53, p < 





ANOVA p<0.05 


In/Ar (%) 


Medical 
Reperfusion 


Permanent 
Occlusion 


Surgical 
Reperfusion 


Fig 3. Infarct size determination at 1 week using staining revealed 
marked differences between the treatment groups. In the surgically 
reperfused group, the area of infarction divided by the area at risk 
(In/Ar) was only 19%, compared with 38% for the medical reperfu- 
sion group (p < 0.05) and 45% for the permanent occlusion group (p 
< 0.05). 
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Fig 4. A search was made for a significant relation- 
ship between regional shortening or regional work and 
infarct size (In/Ar, area of infarction divided by area 
at risk) in the 15 animals that were reperfused either 
medically or surgically. There was a poor correlation 
between left antericr descending (LAD) region short- 
ening after 30 minutes of reperfusion (LAD 3) and 
infarct size. A significant relationship was observed 
between infarct size and LAD region shortening at 1 
week (LAD 4), pressure-length loop area at 1 week 
(PLL 4) or pressure-length loop area after 30 minutes 
of reperfusion (PLL 3). 


0.05). Likewise, treatment difference was found to be the 
most important factor affecting recovery of LAD segmen- 
tal systolic shortening (F = 5.47, p < 0.05). 

Simple linear regression used the data from the 15 
reperfused animals to analyze the relationship between 
global or regional myocardial function after reperfusion 
and the ultimate infarct size at 1 week. A significant 
relationship was observed both between 1-week segmen- 
tal shortening and infarct size and between 1-week pres- 
sure-length loop area and infarct size (Fig 4). Regional 
performance after 30 minutes of reperfusion in the form of 
pressure-length loop area also showed a significant corre- 
lation with the eventual infarct size. 


Comment 


Techniques of reperfusion used by the invasive cardiolo- 
gist offer substantially less flexibility than those currently 
available to the surgeon. In addition to the restoration of 
flow to acutely infarcting myocardium, surgical tech- 
niques allow precise control of the conditions of reperfu- 
sion and modification of the reperfusate [3-16]. This 
modification appears to favorably influence degenerative 
structural and biochemical processes in reversibly injured 
myocardium. Changes accompanying reperfusion that 
may exacerbate preexisting ischemic injury’include the 
development of intracellular acidosis and calcium accu- 
mulation, myocyte swelling, the explosive production of 
oxygen-derived free radicals, the adhesion of granulo- 
cytes, and the delayed restoration of substrates for ade- 
nine nucleotide synthesis [1, 2, 19-21]. Previous investi- 
gations, presented primarily in the surgical literature, 
have documented an improvement in the acute recovery 
of ischemic myocardium with surgical reperfusion [3-16]. 

These previous investigations, using models of regional 
as well as global ischemic injury, have led to the devel- 
opment of a supplemented blood cardioplegic solution as 
the initial reperiusate, adopted for use in ‘the present 
study [10]. Components of this cardioplegia are directed 
against specific aspects of the pathophysiology of reper- 
fusion injury. Red blood cells improve pele delivery 
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and, as particulate material, maintain capillary patency 
and counteract the “‘no-reflow” phenomenon. Reduction 
of calcium concentration by chelation assists in restoring 
intracellular calcium homeostasis. An alkaline pH re- 
verses acidosis and enhances enzyme function. Electrical 
arrest prevents initial utilization of energy in the perfor- 
mance of contractile work. Glucose provides substrates 
for energy production. Allopurinol is a xanthine oxidase 
inhibitor and decreases oxygen radical production [22, 
23]. Glutamate and aspartate, by replenishing Krebs’ cycle 
intermediates, augment oxidative metabolism under aer- 
obic conditions. Other investigations have emphasized 
the importance of unloading of the ventricle in myocardial 
recovery after reperfusion [6, 11, 13]. It is clear, from 
earlier studies, that the use of these surgical reperfusion 
techniques leads to improved regional function early after 
ischemia. However, earlier studies have not answered the 
critical questions. Do these surgical reperfusion tech- 
niques prevent reperfusion injury or simply delay the 
injury? Is the improvement in regional function tempo- 
rary or permanent? 

As one considers the recovery of myocardium after 
ischemic injury, another important question is evident. 
There is ample evidence that recovery after ischemia 
requires a prolonged time interval. Energy stores may 
remain depressed for 1 week after temporary ischemia, 
and recovery of regional function is similarly delayed [19, 
20, 24]. Perhaps these methods of surgical reperfusion 
accelerate the recovery that was going to occur in any 
case. The clinical argument favoring surgical reperfusion 
becomes much stronger if the improvement in regional 
function and infarct size, which has been demonstrated in 
acute experiments, can be extended to a chronic experi- 
mental model. 

The experimental model chosen for this study was a 
canine LAD infarction using pentobarbital anesthesia. 
This particular model was chosen because it allowed 
comparison with the acute studies extensively conducted 
by others, and because of the favorable experience of this 
laboratory with canine models in both acute and chronic 
preparations. Because comfortable survival of the animal 
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was a priority, the sterile first stage of the study was 
intentionally kept simple and short. For example, a ther- 
mal dilution technique was used to measure cardiac 
output rather than an ascending aortic flow probe, which 
would require extensive dissection and then redissection 
of the ascending aorta. The LAD was ligated and a 
sufficient number of additional collaterals were snared to 
achieve a visible, measurably bulging area of infarction. 
This bulging occurred during at least one portion of 
systole but often not throughout systole. Therefore, the 
pressure-length loop area during ischemia was often 
positive even though bulging occurred at end systole (see 
Table 3, systolic shortening compared with pressure- 
length loop area). All animals were heparinized before 
ligation of the LAD in an attempt to minimize possible 
deleterious effects of thrombosis in the vasculature of the 
area at risk. This procedure was felt to be justified 
because, in human infarction, the distal vasculature is 
generally not thrombosed in the first few hours of infarc- 
tion. 

This study examined both the early and late results of 
reperfusion using strategies available to the clinician. 
Other experimental approaches to reduction of reperfu- 
sion injury have initiated specific therapy in the form of 
free-radical scavengers or calcium channel antagonists 
before the onset of ischemia, or have used ischemic 
intervals incapable of producing myocardial infarction. 
Our protocol allowed no treatment before or during the 
ischemic period other than conventional antiarrhythmic 
therapy. A two-hour period of ischemia was chosen to 
represent the minimum duration likely to occur clinically 
with any method of revascularization. At the completion 
of ischemia, there were no functional or hemodynamic 
differences among the groups that underwent medical or 
surgical reperfusion or permanent coronary ligation. Re- 
duction of coronary flow to the LAD region uniformly 
produced acute myocardial discoloration, severe bulging, 
and a corresponding reduction in regional work. This 
degree of ischemia was ensured by the snaring of collat- 
eral vessels until the bulging obtained was visible as well 
as measurable with the sonomicrometer. Despite the 
severity of regional ischemia, there was little change in 
global hemodynamics among the three groups, as the 
reduction in werk by the anterior descending region did 
not severely compromise global left ventricular function. 
It follows that the animals in this study correspond to 
patients who sustain a substantial infarct yet have suffi- 
cient myocardial reserve for survival. 

Our data obtained early after reperfusion are distin- 
guishable from those of previous reports, which demon- 
strated significantly superior acute functional recovery for 
surgically reperfused animals [10]. This may have been 
due to the relatively small number of animals in this 
chronic study, among which substantial variability was 
noted. There was improvement among both medically 
and surgically reperfused animals in regional shortening 
and work production (Table 3). More surgically treated 
animals recovered net systolic shortening early after 
reperfusion. In addition, no ventricular ectopy occurred 
after completion of surgical reperfusion, and all surgical 
animals recovered sinus rhythm spontaneously. 
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After 1 week of reperfusion a significant improvement 
in regional function was observed in all groups, including 
those animals who underwent permanent coronary liga- 
tion. Our data support the existence of stunned, yet viable 
myocardium within a region of infarction that is capable 
of gradual functional improvement [19, 20, 24]. This 
recovery may be dependent on a gradual increase in 
collateral flow to reversibly injured cells. There may also 
be a contribution from the stiffening of adjacent, nonvia- 
ble myofibrils. 

In our model, the recovery in function among animals 
undergoing simulated medical reperfusion was equiva- 
lent to the recovery observed in animals with permanent 
coronary ligation. Surgically reperfused animals, how- 
ever, experienced an improvement in regional shortening 
superior to both medically reperfused and nonrevascular- 
ized animals, which was statistically significant despite 
the small numbers of animals in each group (52% + 29% 
of control vs 19% + 20%, 26% + 38%; p < 0.05). These 
data comparing the chronic sequelae of medical and 
surgical reperfusion suggest that altering the conditions of 
early revascularization led to considerable benefit, 
whereas in this model the simple restoration of flow 
offered little advantage over permanent occlusion. 

Measurement of infarct size provides the most tangible 
evidence of myocardial salvage. Surgically treated animals 
1 week after reperfusion had, relative to the area at risk, 
infarcts that were half the size of those in animals medi- 
cally reperfused or permanently ligated (18.6% + 8.6% vs 
38.3% + 4.1%, 44.7% + 7.7%; p < 0.05). Recent evidence 
suggests that conventional triphenyltetrazolium chloride 
staining in acute studies yields results discordant with 
observed functional recovery [21, 25]. However, our data 
indicate that at 1 week cellular survival is established, 
with the result that infarct size more closely parallels 
measurements of regional function (Fig 4). 

There are limitations to extrapolation of these experi- 
mental results to humans. The LAD region underwent a 
two-hour period of ischemia, within the known limits of 
postischemic myocardial recovery [20, 24, 26]. Although 
late myocardial salvage after surgical reperfusion was 
improved in this study, the duration of ischemia beyond 
which the advantage of surgical reperfusion dissipates is 
uncertain, although improvement has been demonstrated 
after as long as six hours of ischemia [12]. The size of 
infarcts in this study was smaller than might be expected 
in patients. Although severe anterior wall ischemia was 
produced by occlusion just beyond the first LAD diagonal 
branch, the actual area at risk averaged just 25% of the left 
ventricular mass. Extrapolation of our results may not be 
valid for very large infarcts, but the data lend support to 
preferential surgical reperfusion of patients with surviv- 
able infarcts. Surgical treatment for such patients is com- 
plex and does carry, as seen in one of the animals in the 
present study, a certain operative mortality. The clinician 
must weigh this risk against a potential reduction in 
infarct size of approximately 50%. Despite the complexity 
and inherent morbidity of surgical reperfusion, several 
series have shown the mortality with surgical intervention 
for acute myocardial ischemia to be as low as or lower 
than that with medical treatment [27-30]. 
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Our results demonstrate that modification of the condi- 


tions of initial reperfusion can profoundly influence the 
ultimate level of myocardial salvage. In our model, med- 
ical reperfusion simulating thrombolysis or angioplasty 
produced late results similar to the sequelae of permanent 
coronary ligation. However, surgical reperfusion with 
cardioplegic arrest salvaged half of the cells that died with 
medical reperfusion. We feel that clinical trials evaluating 
controlled surgical reperfusion of acute myocardial infarc- 
tion are most appropriate. 


Supported by a grant from the Carlyle Fraser Heart Center and in 
part by Grant 36377 from the National Institutes of Health. 
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Embolization of atherosclerotic material from the ascend- 
ing aorta resulting from placement of cannulas or vascu- 
lar clamps is a major cause of stroke during cardiac 
surgical procedures. In an effort to identify atheroscle- 
rotic disease of the ascending aorta which might predis- 
pose to embolization, intraoperative B-mode ultrasonog- 
raphy was performed in 50 patients. The aorta was 
imaged from the aortic annulus to the origin of the 
innominate artery in transverse and longitudinal views. 
The results were compared with visual and tactile exam- 
ination of the aorta for the presence of atherosclerosis. 
Ultrasonic imaging demonstrated atherosclerotic disease 
in 29 patients (58%). Visual examination and palpation 
identified atherosclerosis in 12 patients (24%). The 


Gre is a serious and disabling complication of cardiac 
surgical procedures. A major cause of perioperative 
stroke is embolization of atherosclerotic material from the 
ascending aorta, which may result from insertion of 
perfusion cannulas, placement of clamps on the ascend- 
ing aorta, or palpation of the ascending aorta [1]. Palpa- 
tion of the aorta may identify areas of calcification or 
marked thickening, but may not identify lesser degrees of 
calcification or thickening or areas of soft, “cheesy” ather- 
oma. In an effort to accurately identify atherosclerotic 
disease of the ascending aorta, a technique using intraop- 
erative B-mode ultrasonic imaging of the ascending aorta 
was evaluated. 


Material and Methods 


Fifty patients undergoing cardiac surgical procedures us- 
ing cardiopulmonary bypass were studied during a 9- 
month period (September 1987 to May 1988). The mean 
age of the patients was 70 years (range, 47 to 83 years) and 
28 (56%) were men. The patients were not consecutive, 
due to equipment availability, and there was a degree of 
selectivity in that efforts were made to image patients felt 
to be at increased risk for atheroembolism. 

The operative procedures performed are shown in 
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amount and location of plaque was sufficient to require a 
change in the site of arterial cannulation or the proximal 
vein graft anastomoses or the technique of cardiopulmo- 
nary perfusion in 12 of the 50 patients (24%). All 12 
patients were 65 years of age or older. Palpation under- 
estimates the presence of atherosclerotic disease in the 
ascending aorta. Intraoperative ultrasonography accu- 
rately identifies patients with atherosclerotic disease of 
the ascending aorta. This allows the surgeon to modify 
cannulation, perfusion, and operative techniques to re- 
duce the risk of perioperative stroke due to the embo- 
lization of atherosclerotic debris from the ascending 


aorta. 
(Ann Thorac Surg 1989;48:339-44) 


Table 1. Forty-three patients had coronary artery bypass 
grafting, 2 patients had coronary artery bypass grafting 
and left ventricular aneurysmectomy, 2 patients had iso- 
lated valve replacement (one aortic, one mitral), 2 patients 
had ascending aorta/aortic arch replacement, and 1 pa- 
tient had coronary artery bypass grafting and concomitant 
right carotid endarterectomy. 

After median sternotomy, mobilization of the internal 
mammary artery, if used, and suspension of the heart in 
a pericardial cradle, the aorta was examined visually and 
by palpation. The extent and location of calcification or 
thickening thought to be present was recorded. Ultrasonic 
imaging of the ascending aorta was then performed using 
either a Hewlett-Packard 77020A phased array system 
with a 5-MHz transducer with a 4-cm sonolucent standoff 
(Hewlett-Packard Company, Medical Products Group, 
Andover Division, Andover, MA), or a Medasonics 210 
DX Vasculab with a 7.5-MHz transducer (Medasonics, 
Mountain View, CA) without a standoff. The transducer 
was placed in a sterile plastic sleeve containing conduct- 
ing gel and placed directly on the ascending aorta. The 
aorta was imaged in transverse and longitudinal views 
from the aortic annulus to the origin of the innominate 
artery (Fig 1-3). The scans were recorded on standard 
VHS video tape and were reviewed by the surgeon and a 
cardiologist in the operating room. The results of the 
scans were compared with the visual and digital findings. 
Based on the results of the ultrasonic imaging, modifica- 
tions of the usual cannulation and proximal graft anasto- 
motic sites and perfusion protocols were made by the. 
surgeon, if indicated. The operative procedures were then 
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Table 1. Operative Procedures in the 50 Patients 








No. of 
Procedure Patients Ge 
Coronary artery bypass grafting 43 86 
Coronary artery bypass grafting 2 4 
and left ventricular 
aneurysmectomy 
Valve replacement 2 4 
Ascending aorta/aortic arch 2 4 
replacement 
Coronary artery bypass grafting 1 2 
and right carotid 
endarterectomy 





performed. The patients were evaluated postoperatively 
for evidence of perioperative stroke or wound infection. 


Results 


By visual and digital examination of the aorta, 38 patients 
(76%) were thought to have a normal aorta, and 12 








B 


Fig 1. (A) Transverse ultrasonic image of the ascending aorta demon- 
strating normal aortic wall and no intraluminal echogenic material. 
(B} Longitudinal ultrasonic imaging of the ascending aorta showing 
normal aortic wall and no intraluminal echogenic material. 
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Fig 2. (A) Transverse ultrasonic imaging of the ascending aorta 
showing thickened aortic wall and intraluminal echogenic material 
(arrows). (B) Longitudinal image of the same aorta demonstrating 
thickened aortic wall and intraluminal echogenic material (arrows). 


patients (24%) were thought to have an abnormal aorta. 
By ultrasonic imaging, 21 patients (42%) had normal 
aortas and 29 patients (58%) had abnormal aortas. This 
inchided the 12 patients with an abnormal aorta by 
palpation and 17 patients with a normal aorta by palpa- 
tion (Table 2). The intraoperative decisions resulting from 
detection of atherosclerotic material are shown in Table 3. 
Twelve of the 17 patients (71%) with a normal aorta by 
palpation had only small amounts of plaque or plaque 
located in areas that would not affect the conduct of the 


Table 2. Comparison of Palpation and Ultrasonic Imaging for 
Detection of Atherosclerotic Disease of the Ascending Aorta 
(n = 50) 











Paipation Sean 
No. of No. of 
Result Patients oh Patients % 
Normal 38 76 21 42 
Abnormal 12 24 29 58 
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Fig 3. Transverse ultrasonic image of the ascending aorta showing 
thickened aortic wall and large amount of intraluminal echogenic ma- 
terial (arrows). 


operation (eg, origin of the innominate artery, aortic root). 
Five of the 12 patients (42%) with an abnormal aorta by 
palpation had similar findings on ultrasonic imaging. No 
modifications in techniques were made in these 17 pa- 
tients. The remaining 12 patients (6 with a normal aorta 
and 7 with an abnormal aorta by palpation) had plaque of 
sufficient quantity or in locations such that a change in 
cannulation or perfusion techniques was required. 


ANTERIOR 





POSTERIOR 
UPPER AORTA 
{N = 18) 


TOTAL GROUP 
{N = 29) 
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Table 3. Intraoperative Decisions in Patients With Abnormal 
Scan 





Palpation Palpation 





Normal Abnormal Total 
intraoperative Decision (r= 17) (n= 12) In = 29) 
Plaque insignificant/ignored 12 5 17 
Plaque detected with 5 7 12 


resulting change in 
cannulation/perfusion 
technique 





Anatomically, the atherosclerotic plaque was located in 
the anterior half of the circumference of the aorta in 22 of 
the 29 patients with abnormal scans (76%), and in all 12 of 
the patients in whom technical changes were made based 
on the scan findings. In addition, the amount of disease 
located posteriorly was much less than the amount lo- 
cated anteriorly. Plaque was more prevalent anteriorly in 
patients with disease located in the upper half of the 
ascending aorta (17/18; 94%) compared with patients with 
disease in the lower half of the aorta (5/11; 46%). Four 
patients had disease involving the entire length of the 
ascending aorta, 2 of whom had a “porcelain aorta” with 
disease involving the entire circumference of the aorta 
and 2, disease located in the anterior half of the aortic 
circumference (Fig 4). 

The usual sites of insertion of the aortic cannula and the 
cannula for infusion of cardioplegic solution and the sites 
for the proximal saphenous vein graft anastomoses are 
shown in Figure 5. The changes in cannulation and in 
perfusion techniques resulting from the scan findings 
included relocation of the arterial or cardioplegic cannu- 
lation site in 6 patients, use of femoral cannulation in 2 
patients, and use of femoral cannulation with hypother- 
mic circulatory arrest and ascending aortic replacement or 
ascending aortic endarterectomy with patch aortoplasty 
without the use of vascular clamps (open technique) in 4 
patients (Fig 6). Twelve of the 50 patients (24%) had some 
technical change made based on the findings of the 
ultrasonic imaging (Table 4). These 12 patients were 65 
years of age or older, and they comprised 37% of the 27 
patients in this age group (Table 5). 

There were no wound infections in the patients studied 


Fig 4, Anatomical location of the 
atherosclerotic disease in the ascend- 
ing aorta as documented by ultrasonic 
scanning. The 4 patients with near or 
total circumferentiai disease involving 
the entire ascending aorta were 
counted in the anterior, upper aorta 
group. 


O LEFT 


LOWER AORTA 
(N 211) 
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Arterial 
cannula 


Cardioplegia 
cannula 





Fig 5. Usual sites of placement of the arterial and cardioplegic cannu- 
las and the proximal anastomoses of saphenous vein grafts. 


and there was one stroke (2%). This occurred in the 
patient who had concomitant coronary artery bypass 
grafting and right carotid endarterectomy. This patient 
had bilateral internal carotid artery stenoses greater than 
95% and a normal scan of the ascending aorta. The 
cerebral infarct occurred in the left hemisphere, contralat- 
eral to the side of the endarterectomy. 


Comment 


Stroke occurring during cardiac surgical procedures using 
cardiopulmonary bypass has several causes. These in- 





Patch 
aortoplasty 





Plaque 





Cardioplegia 


cannula vein grafts 


Fig 6. More lateral and inferior placement of the cardioplegia cannula 
and a longitudinal incision in a diffusely atherosclerotic aorta with 
patch angioplasty. The vein grafts are anastomosed to the Dacron 
patch. The arterial cannula is placed in the femoral artery. 
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Table 4. Changes in Cannulation and Perfusion Techniques 





No. of 

Change Patients %e 
Relocation of aortic cannula 6 12 
Femoral artery cannulation 2 4 
Femoral artery cannulation with 4 8 

profound hypothermia, total 

circulatory arrest, and ascending 

aortic replacement or patch 

aortoplasty 

Total 12 24 


clude air embolus from the cardiopulmonary bypass cir- 
cuit, intracardiac air after cardiotomy for venting or oper- 
ative procedures, intracardiac thrombus, cerebrovascular 
occlusive disease with resultant embolization or cerebral 
hypoperfusion, and embolism of atheromatous material 
from the ascending aorta and aortic arch [2]. Atheroem- 
boli from the ascending aorta are usually related to the 
placement of cannulas for cardiopulmonary bypass or 
vascular instruments and have been reported to occur 
after palpation of the ascending aorta [1]. 

The incidence of stroke after cardiac surgical procedures 
is increased in elderly patients [3] and observational data 
would suggest the elderly have an increased incidence of 
more severe atherosclerotic disease, particularly in the 
ascending aorta. Complications related to the diseased 
ascending aorta have been demonstrated to be the pri- 
mary cause of unexpected death after coronary artery 
bypass grafting [4]. As greater numbers of elderly patients 
undergo cardiac surgical procedures, the risk of neurolog- 
ical complications, including those resulting from embo- 
lization of atheroma from the ascending aorta, may in-, 
crease. In our overall experience (unpublished data), one 
third of perioperative strokes are related to atherosclerotic 
disease of the ascending aorta. 

Numerous techniques have been introduced in an at- 
tempt to reduce the frequency of this complication. These 
include (1) placement of proximal saphenous vein graft- 
anastomoses on the innominate or internal mammary 
arteries [5, 6], (2) use of an intraluminal balloon catheter 
rather than an aortic cross-clamp for aortic occlusion [7, 
8], (3) modification of vascular instruments used to clamp 


Table 5. Results of Aortic Scanning According to Age 
(n = 50) 








Changes in 
Cannulation or 
Perfusion 
No. of No. of 
Age Patients Patients % 
<65 yr 23 0 0 
265 yr 27 12 37 





Hy. 
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the aorta [9], (4) performance of the cardiac procedure 
using hypothermic fibrillatory arrest to avoid placement 
of clamps on the ascending aorta [10], and (5) ascending 
aortic endarterectomy and patch aortoplasty or ascending 
aortic replacement with hypothermic circulatory arrest 


-without the use of vascular clamps [1]. 


Before the problem can be managed, it must first be 
identified. The “egg-shell” or “porcelain” aorta can usu- 
ally be identified by palpation of the aorta. However, focal 
or segmental areas of calcification or thickening may be 
present, and the surgeon cannot be certain if the soft areas 
can be cannulated or clamped without dislodgement of 
atherosclerotic debris. Identification of the aorta contain- 
ing soft, friable atheroma can be even more difficult. The 
disease may not be palpable, and palpation may dislodge 
atheromatous material. Often, this type of aorta is not 
recognized until clamps have been placed and aortoto- 
mies made. By this time, embolization has usually already 
occurred. 

Ultrasonic imaging eliminates the need for digital pal- 
pation of the aorta, which has been implicated as a cause 
of atheroembolization [1]. Minimal pressure is placed on 
the aorta with the ultrasound probe, and in this study no 
neurological abnormalities related to the probe were ob- 
served. The technique is simple and rapid, adding only a 
few minutes to the operative procedure. Interpretation of 
the scans is relatively straightforward and can be done by 
the surgeon after an initial training period. Interpretation 
is very similar to that performed in the imaging of 
peripheral arteries, but easier because no Doppler analy- 
sis is required. 

Our group has extensive experience using ultrasonic 
techniques to detect and characterize atherosclerosis in 
the peripheral vessels [11]. Thus, it was a logical extension 
to use B-mode imaging intraoperatively to evaluate the 
ascending aorta. The focal length of most commercially 
available ultrasonic probes prevents adequate visualiza- 
tion of the anterior wall of the aorta. Use of a sonolucent 
standoff eliminates this problem. The 5-MHz probe pro- 
vides excellent resolution of intraluminal detail, although 
a 7.5-MHz probe may be better. The Medasonics probe, 
because of the higher frequency and shorter focal length, 
was used without a standoff, and although this provided 
adequate images, use of a standoff appeared to be more 
optimal. 

The modifications in operative techniques can be rela- 
tively minimal (relocation of the arterial cannula on the 
ascending aorta or to the femoral artery) or extensive 
(hypothermic circulatory arrest with endarterectomy or 
graft replacement of the ascending aorta). Profound hy- 
pothermia and circulatory arrest may be associated with 
increased risks in the elderly patient. However, we have 
not found this to be the case, either among the patients in 
this study or in other patients undergoing ascending 
aortic or aortic arch replacement for aneurysmal disease. 
Similar findings have been reported by Culliford and 
associates [1]. The risk of stroke may be lower with the 
use of hypothermic circulatory arrest than with cannula- 
tion and clamping of the diseased aorta. 

The anatomical location of disease in this study differed 
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from that reported by Tobler and Edwards [12]. They 
found very little disease posteriorly in the lower half of 
the aorta, but there were substantial amounts of plaque 
located posteriorly in the upper half of the aorta. In our 
study, no posterior plaque was found in the upper half of 
the aorta, and very little posterior plaque in the lower half 
of the aorta. Those patients requiring a technical change 
had disease located anteriorly with the exception of the 2 
patients with circumferential disease. The smaller number 
of patients in our study may account for some of the 
differences, but the technique of evaluation (ultrasonic 
imaging versus gross pathological examination) is proba- 
bly the major factor. Evaluation of larger numbers of 
patients undergoing cardiac surgical procedures will be 
necessary to determine the frequency of atherosclerotic 
disease of the ascending aorta. The incidence will likely be 
related to the age of the patients, and similarly, the 
percentage of patients requiring changes in cannulation or 
perfusion techniques will also be related to age. 

In summary, intraoperative ultrasonic imaging identi- 
fies atherosclerotic disease of the ascending aorta. It 
appears to be more accurate than digital palpation. It adds 
little time to the operative procedure and does not in- 
crease the risk of stroke or infection. When clinically 
significant atherosclerotic disease is present in the ascend- 
ing aorta, intraoperative imaging permits the surgeon to 
modify cannulation, perfusion, and operative techniques 
to minimize the risk of stroke from atheroembolism. Use 
of the technique may reduce the risk of perioperative 
stroke in cardiac surgical patients, particularly in the 
elderly. Studies in larger numbers of patients or random- 
ized trials will be necessary to determine if the technique 
significantly reduces the incidence of atheroembolic 
stroke when compared with conventional operative tech- 
niques. 





We thank Carla Kelley, Pat Renicke, and Becky Recar Nappier for 
technical assistance in the performance of the scans, and Lou 
Oxford for secretarial assistance in the preparation of the manu- 
script. 
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Notice From the Southern Thoracic Surgical Association 


The Thirty-sixth Annual Meeting of the Southern Thoracic 
Surgical Association will be held at the Phoenician Golf 
and Tennis Resort, Scottsdale, AZ, November 9-11, 1989. 
There will be a $155 registration fee for the Scientific 
Session for nonmember physicians except for guest speak- 
ers, authors and coauthors on the program, and residents. 
There will be a $50 registration fee for attendees of the 
Postgraduate Course, which will be held the morning of 
Thursday, November 9, 1989. The Postgraduate Course will 
provide in-depth coverage of thoracic surgical topics se- 
lected primarily as a means to enhance and broaden the 
knowledge of practicing thoracic and cardiac surgeons. 


Advance registration forms, hotel reservation cards, 
and details regarding transportation arrangements will be 
mailed to Association members. Nonmembers should 
write to the Secretary-Treasurer, Gordon F. Murray, MD. 


Gordon F. Murray, MD 
Secretary-Treasurer 

Southern Thoracic Surgical Association 
111 East Wacker Drive 

Chicago, IL 60601 


Aortic Valve and Left Ventricular Outflow Tract 
Replacement Using Allograft and Autograft Valves: 


A Preliminary Report 


John D. Randolph, MD, Kyle Toal, MD, Paul Stelzer, MD, and Ronald C. Elkins, MD 
Division of Thoracic Surgery, University of Oklahoma Health Sciences Center, Oklahoma City, Oklahoma 


A comparison of allograft and autograft (pulmonary) 
replacement of the aortic valve has, to our knowledge, 
not been done in America. Fifty-seven patients (age 
range, 2 to 70 years; mean age, 30 years) underwent 59 
operations for replacement of the aortic valve (20) or 
entire left ventricular outflow tract (39) using autograft 
(35) or allograft (24) valves. Many had undergone a 
previous operation (25) or had concomitant procedures 
(13). Postoperative mortality was 8.5% (5/59). Two deaths 
occurred in the allograft group and three in the more 
complex pulmonary autograft group. One late death 


Ree and replacement of the aortic valve is 
complicated at present by lack of an ideal substitute. 
Tissue valves suffer deterioration from primary tissue 
valve failure, and mechanical prostheses carry a finite risk 
of thromboembolic complication [1, 2]. Both are subject to 
increased infectious complications. To this end, we have 
sought to alleviate these problems by allograft and au- 
tograft (pulmonary) replacement of the aortic valve, 
which has been made possible by improvements in cryo- 
preservation techniques that allow long-term storage of 
viable allograft valves [3]. 


Material and Methods 


Patient Population 


Fifty-seven consecutive patients undergoing replacement 
of the aortic valve or entire left ventricular outflow tract 
using allograft or autograft techniques were reviewed. 
Preoperative variables examined included age, sex, valve 
lesion, previous cardiac operation, concomitant proce- 
dure, presence of endocarditis, New York Heart Associa- 
tion classification, echocardiogram, and type of operation 
(homograft or autograft) (Table 1). We also examined the 
specific technique used: cylinder [4] versus root replace- 
ment [5]. The technique used was dictated by the nature 
of the disease and the surgeon’s preference, and was not 
randomized. 

The mean age in our series was 30 years. Predominant 
sex was male, with a ratio of 2:1. Indications for operation 
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occurred. One autograft was replaced with an allograft 7 
months postoperatively for severe aortic regurgitation. 
There haveibeen no episodes of either endocarditis or 
thromboembolism. Forty-nine of 51 survivors are in New 
York Heart Association class I. Preliminary results sug- 
gest that congenital or acquired disease of the left ven- 
tricular outflow tract and aortic valve can be safely and 
effectively treated with either allograft or autograft valve 
transplantation. 


(Ann Thorac Surg 1989;48:345-9) 


were pure aortic stenosis in 17 patients (12 congenital), 
aortic insufficiency without stenosis in 17 (2 congenital), 
and mixed aortic stenosis and insufficiency in 21 (9 con- 
genital). The other 4 patients included 1 patient with 
Marfan’s syndrome, 1 patient with type I aortic dissec- 
tion, 1 child with aortic aneurysm after a Konno proce- 
dure, and 1, patient with an ascending pseudoaneurysm 
after a Bental procedure. Twenty-five patients had under- 
gone at least one previous cardiac operation. Seven of 
these patients had at least two operations. Sixteen chil- 
dren had undergone aortic commissurotomy, 7 had an 
aortic valve replacement, 3 underwent aortic and mitral 
valve replacement, and 2 had Bental and Konno proce- 
dures. Eight patients had preoperative diagnosis of aortic 
valve endocarditis. Coronary artery bypass was per- 
formed in 6 of our patients and mitral valve repair or 
replacement in 7. 


Homograft Preservation 

Homograft preservation was accomplished in a manner 
similar to that described by O’Brien and colleagues [3]. 
We mairitain prompt retrieval of cadaveric tissue (within 
12 hours of death), followed by 24 hours of antibiotic 
sterilization: Valves are then placed in culture media with 
fetal calf serum and dimethylsulfoxide at 4°C. After sterile 
packaging, the tissue undergoes controlled rate freezing. 
A liquid nitrogen refrigerator allows long-term storage at 
—196°C. 


Surgical Technique 

Left ventticular outflow tract reconstruction was com- 
pleted using both homograft and autograft (pulmonary) 
valves with cylinder (intraaortic) technique and as a root 
replacement with coronary reimplantation. Figure 1 
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Table 1. Preoperative Variables 








Variable Value* 
Age (yr) 2-70 (mean, 30) 
Sex 
M 38 
F 19 
Valve lesion 
AS 17 (12 congenital) 
Al 17 (2 congenital) 
AS/AI 21 (9 congenital) 
Other 4 
Previous operation 19 
Aortic endocarditis 8 


Concomitant procedures 


CABG 6 

MVR 7 
Preoperative NYHA class 

I 12 

H 30 

HI 10 

IV 5 
Type of operation 

Autograft 35 

Homograft 24 
Operative technique 

Cylinder 20 

Root replacement 39 





* Except for age, all values are number of patients. 
Al = aortic insufficiency; AS = aortic stenosis; 
artery bypass grafting; MVR = mitral valve replacement; 
New York Heart Association. 


CABG = coronary 
NYHA = 


shows the technique for harvesting the pulmonary au- 
tograft. Initially, the pulmonary artery is opened anteri- 
orly just inferior to the bifurcation and superior to the 
commissures. The pulmonary valve is inspected and, if it 
is a normal three-leaflet valve, the artery is transected 
distally. The right ventricular conus is then opened infe- 
rior to the pulmonary annulus, and with the valve visu- 
alized, the dissection is completed. A potential hazard 
exists of injury to the left anterior descending coronary 
artery or its first septal branch, which lie in close proxim- 
ity to the pulmonary artery posteriorly [6]. 

To perform a cylinder autograft, the aorta is opened in 
an oblique fashion into the noncoronary sinus. The valve 
is triangulated with sutures placed at the midpoint of each 
sinus (Fig 2A). With the valve suspended for optimal 
visualization, interrupted 4-0 polypropylene sutures are 
placed circumferentially and the autograft is then seated 
and invaginated while sutures are tied (Fig 2B). An 
important step is suspension of the autograft commis- 
sures well into the native aorta (Fig 2C), usually 4 to 5 mm 
above the patient's commissures. An error in suspension 
will invariably lead to aortic insufficiency. With the com- 
missures appropriately suspended, the autograft is 
trimmed below each coronary ostium and sewn to the 
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native aorta with continuous 4-0 polypropylene sutures 
(Fig 2D). The aortotomy is then closed from the noncor- 
onary sinus. Right ventricular outflow tract reconstruction 
is then accomplished with a cryopreserved pulmonary 
homograft. The proximal anastomosis is completed first 
with 4-0 polypropylene, followed by the distal anastomo- 
sis, which is also sewn with 4-0 polypropylene. 

Root replacement is similar in harvesting of the pulmo- 
nary autograft. The native aorta is then opened and 
trimmed to preserve each coronary ostium as a “button” 
and to preserve the native commissures. The pulmonary 
autograft is then sewn with 4-0 polypropylene sutures to 
the left ventricular outflow tract by interrupted or contin- 
uous technique. With this completed, an opening is made 
in each appropriate sinus for reimplantation of the left 
and then the right coronary arteries with 6-0 polypropyl- 
ene. The distal aortic anastomosis is completed with 
continuous 4-0 polypropylene suture. The right ventricu- 
lar outflow tract is reconstructed as described previously. 
A completed pulmonary autograft performed as a root 
replacement is shown in Figure 3. 


Results 


The 57 patients evaluated (age range, 2 to 70 years; mean 
age, 30 years) underwent 59 operations between Novem- 
ber 1985 and October 1988. These 57 procedures included 
35 done as a pulmonary autograft with homograft recon- 
struction of the right ventricular outflow tract (32 pulmo- 
nary homografts, three aortic homografts), and 24 per- 
formed using cryopreserved cadaveric homografts (22 
aortic homografts, two pulmonary homografts). There 
were five perioperative deaths (5/59, 8.5% mortality; Table 
2). Two (2/24, 8.3% mortality) occurred in the group 
receiving homograft valves. Three perioperative deaths 
(3/35, 8.6% mortality) occurred in the autologous group 
undergoing the more extensive pulmonary autograft pro- 
cedure. 





Fig 1. Technique for harvesting the pulmonary autograft from the 
right ventricular outflow tract. 
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Fig 2. (A) The autograft is positioned in the aortic annulus by sutures placed at the midpoint of each sinus. (B) After placement of the proximal 
suture line the valve is seated and invaginated to allow for tying the sutures. (C) After the commissures are appropriately suspended, the 
autograft is trimmed below the coronary ostia. Closure of the aortotomy incorporates the wall of the autograft to obliterate dead space behind the 
noncoronary sinus. (D) The suture line is completed using a separate running polypropylene suture for each sinus. 


All five perioperative deaths (5/39, 12.8% mortality) 
occurred in the subset undergoing left ventricular outflow 
tract reconstruction as a root replacement. However, 
several of these patients had more complicated outflow 
tract disease requiring root replacement. One patient had 
a large pseudoaneurysm at the site of a Dacron conduit 
used to replace the ascending aorta. Another patient had 
endocarditis, multiple subannular abscesses, and unrec- 
ognized coronary artery disease at autopsy. All 20 pa- 
tients undergoing the cylinder (intraaortic) replacement of 
the aortic valve survived. One late death occurred 7 
months postoperatively due to progression of coronary 
artery disease in a patient after aortic homografting. There 


was no obvious trend in morbidity or mortality based 
solely on age. Mortality for autografts and homografts are 
shown with respect to age in Fig 4. 

In 1 patient, serious aortic insufficiency developed after 
pulmonary autografting. This autograft was revised using 
an aortic homograft (root replacement). This patient’s 
autograft had been inserted using the technique of Bar- 
ratt-Boyes for “freehand” aortic homografts, which was 
used in the first three autografts before we adopted the 
cylinder technique of Donald Ross. Other complications 
have included a major perioperative stroke in 1 patient 
with resultant severe neurological defect, complete heart 
block requiring pacemaker insertion in 2 patients, and 
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Fig 3. Root replacement with reimplantation of both coronary arteries 
and reconstruction of the right ventricular outflow tract with a cryo- 
preserved pulmonary homograft. 


reexploration for bleeding in 1 patient. We did not use 
anticoagulants or antiplatelet agents unless they were 
required for coexisting disease; nevertheless, in limited 
follow-up, no patients have suffered thromboembolic 
complications. There has been no endocarditis. Forty-nine 
of 51 survivors are in New York Heart Association class I. 
One patient has moderate aortic insufficiency and is in 
New York Heart Association class II, and 1 patient cannot 
be evaluated due to a severe neurological deficit (normal 
postoperative echocardiogram). Postoperative echocar- 


Table 2. Postoperative Results 














No. of 
Variable Patients 
Mortality and morbidity 
Perioperative death 5 
Late death 1 
Complete heart block 2 
Reexploration for bleeding 1 
Postoperative myocardial infarction 2 
Stroke 1 
Echocardiography 
No AI to trace Al 51 
Moderate Al 3 
Severe Al 
Postoperative NYHA class 
I 50 
Il 1 
i r 





2 Patient underwent revision with an aortic homograft and is currently in 
NYHA class I. 


Al = aortic insufficiency; NYHA = New York Heart Association. 
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Fig 4. Mortality per decade with respect to autografts and homo- 
grafts. 


diography has been performed in all 51 survivors. None 
has demonstrated an obstructive gradient across the aortic 
valve or left ventricular outflow tract. Neither has any 
patient had evidence of stenosis or insufficiency involving 
the right ventricular outflow tract. Forty-eight of these 
patients have no or minimal aortic insufficiency. Three 
patients have moderate aortic insufficiency by echocar- 
diography, but 2 of them are asymptomatic and have no 
diastolic murmur. Two patients with moderate insuffi- 
ciency on their initial postoperative echocardiogram had 
complete resolution on multiple repeat studies (up to 1 
year). We have not observed any patient with increasing 
insufficiency, and the short-term tendency appears to be 
that of improvement. 


Comment 


Successful reconstruction of the left ventricular outflow 
tract using homograft (allograft) valves has been well 
documented [3, 5, 7-9]. O’Brien and co-workers [3] have 
recently showed that cryopreserved allograft valves are 
superior to fresh allografts stored at 4°C; their improved 
longevity appears to be due to persistent viability of leaflet 
cellular structures. Furthermore, successful cryopreserva- 
tion allows longer valve storage times and increases the 
utility of the valves. 

The less commonly performed pulmonary autograft 
also has been shown to be very effective in the aortic 
position [4, 10-12]. Moreover, Matsuki and co-workers [9] 
contend that “the long-term performance of a pulmonary 
autograft inserted for aortic valve disease is superior to 
that of any other valve substitute and that the operation 
offers an almost ideal means of aortic valve replacement in 
appropriate patients.” 

Because a relatively large pediatric population at our 
institution has aortic valve disease, and because of a 
general dissatisfaction with the performance of mechani- 
cal and porcine valves in this group and the need for a 
long-term solution to the problem, in November 1985 we 
embarked on a plan to use allograft and autograft valves 
in appropriate patients. Provisions to procure cadaveric 
homografts were very successful [13]. In general, our 
current philosophy has been to use the pulmonary au- 
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tograft i in patients with a life expectancy greater than 20 to 
30 years. We believe that the aortic homograft (cryopre- 
served) is the ideal conduit or valve for patients with a life 
expectancy of 10 to 20 years and that the porcine hetero- 
grafti is the best valve for patients aged more than 60 years 
requiring an aortic valve operation, which means that 
patients aged less than 40 years of age usually receive a 
pulmonary autograft. There have been notable excep- 
tions, and we have successfully placed a pulmonaty 
autograft in a healthy 62-year-old patient. 

Our initial experience (beginning November 1985) was 
with the cryopreserved aortic homograft. Pleased with 
this undertaking, we performed our first pulmonary au- 
tograft in August 1986. We have beén able to accomplish 
this rather formidable procedure with a mortality rate of 
8.6%, comparable with the 8.3% obtained with homograft 
replacement of the left veritricular outflow tract. The 
higher mortality in patients undergoing aortic root re- 
placement (12. 8% versus 0%) appears to reflect a more 
serious disease process combined with a higher incidence 
of major hemorrhage. 

Of the 51 survivors in our series, 49 (96%) are now in 
excellent health, are asymptomatic with respect to their 
heart disease, and are not testricted due to chronic anti- 
coagulation. We have not observed a single thromboem- 
bolic event, and tio endocarditis has occurred. Theoreti- 
cally, these valves may represent a “final” operation for 
many of those patients, particularly those receiving pul- 
monary autografts [12, 13]. We agree with other investi- 
gators [3,12] that in appropriate patients allograft and 
autograft valves are the ideal choice for réconstruction of 
the léft ventricular outflow tract. 


We thank M. LaWaun Hance for illustrations, M. LaWatin Hance 
and Diane J. Jones for dédicated efforts in maintaining our valve 
registration, Cynthia Murray for statistical information, and 
Mardi Ward for manuscript preparation. 
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Between December 1980, when immunosuppression 


with cyclosporine was introduced, and May 1988, 288- 


patients underwent primary. transplantation for end- 
stage cardiac disease (group TX). Fourteen patients 
underwent retransplantation for accelerated graft athero- 
sclerosis (group RTXAGA), and 9 underwent retrais- 
plantation for intractable acute allograft rejection (group 
RTXREJ). Cumulative patient follow-up was 724 patient- 
years (range, 1 month to 7.5 years; mean, 2.3 years). 
Within the first 3 postoperative months, no differerices 
were noted between groups for linearized rates of inféc- 
tion or rejection except between the rate of rejection for 
group TX (1.69 + 0.09 events/100 patient-days) and group 
RTXAGA (0.94 + 0.3 events/100 patient-days) (p < 0.02). 
No significant differences existed between groups for 
actuarial rates of remaining rejection-free or infection- 
free for more than 7.5 years. No significant differences in 


She the initial application of cardiaç transplantation to 
the treatment of end-stage cardiac disease, many 
techniques häve contributed to its ever-improving suc- 
cess, including refinements in surgical technique, im- 
provement in donor and recipient evaluation, improve- 
ments in immune suppression, and treatment of acute 
allograft rejection [İ-3]. Important among these innova- 
tions have been the introduction of cardiac retransplanta- 
tion in 1975 and immunosuppressive therapy with cyclo- 
sporine in 1980. Cleatly cardiac retransplantation has 
been shown to prolong recipient survival, but most re- 
ports have involved few patients [4] or examined the 
practice in the precyclosporine era [5]. To assess the early 
and late results of cardiac retransplantation at Stanford 
University Medical Center during the current era of im- 
munosuppression with cyclosporine, a retrospective anal- 
ysis was performed. 


Patients and Methods 


Between December 1980 and May 1988, 288 patients 
underwent primary transplantation for end-stage cardiac 
disease. Of these 288 patients, 138 (48%) underwent 
transplantation for the diagnosis of cardiomyopathy, 135 
(47%) for coronary artery disease, and 15 (5%) for other 
indications, including congenital and valvular heart dis- 
ease. Twenty-three patients underwent retransplantation 
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actuarial survival existed except between group TX (81% 
+ 2% at 1 year and 58% + 4% at 5 years) and group 
RTXREJ (44% + 17% at 1 year and 44% + 0% at 5 years) 
(p < 0.05). We conclude that patients who undergo 
retransplantation for accelerated graft atherosclerosis 
experience a lower rate of early rejection and similar 
rates of infection and survival compared with patients 
who receive primary transplants. Cardiac retransplanta- 
tion for rejection incurs rejection and infection at rates 
similar to those of primary procedures. However, pa- 
tients who undergo retransplantation for rejection sur- 
vive these complications significantly less often than do 
patients who receive primary transplants. This informa- 
tion should be considered when scarce donor hearts 
become available and retransplantation is contemplated. 


(Ann Thorac Surg 1989;48:350-5) 


for current or impending allograft failure for accelerated 
graft atherosclerosis (AGA) or for intractable acute graft 
rejection. Four patients received conventional immuno- 
suppressive therapy consisting of azathiopriiie, cortico- 
steroids, and antilymphocyte globulin after receiving their 
first allografts. All other patients in this study received 
cyclosporine as part of the immunosuppressive regimens 
after transplantation of the first and second allografts. 

Two patients who received a third allograft heart were 
excluded from the study. The patient population profiles 
are shown in Table 1. 

Patients accepted for transplantation had terminal de- 
compensation with severe functional disability and an 
expected survival measured in months. Candidates for 
retransplantation due to severe AGA (RTXAGA group, n 
= 14) were judged to be in a precarious clinical state from 
impending coronary occlusion demonstrated by coronary 
arteriography. Patients in the RTXAGA group were he- 
modynamically stable, with only 1 of 14 requiring inten- 
sive care monitoring and inotropic support. Candidates 
for retransplantation for acute allograft rejection (RTXREJ 
group, n = 9) were usually hemodynamically unstable, 
with 7 of 9 patients requiring intensive care nursing and 
inotropic support. One patient in the RTXREJ group was 
supported for 24 hours with a left ventricular assist 
system, and 2 others were treated with intraaortic balloon 
counterpulsation until donor hearts for retransplantation 
could be located. Absolute contraindications to transplan- 
tation and retransplantation included elevated pulmonary 
vascular resistance, active infection, positive donor- 
specific lymphocyte crossmatch, insulin-dependent dia- 
betes mellitus, or irreversible renal, hepatic, or pulmonary 
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Table 1. Population Profiles of Transplanted and 
Retransplanted Patient Groups 


TX RTXAGA RTXREJ 
Variable (n = 288) (n = 14) (n = 9) 
Male sex 220 (76%) 14 (100%) 6 (67%) 
Mean age 39 42 36 
(yr) 
Ischemic time 126 + 57 107 + 42 129 + 66° 
(min + SE) 


è Differences between groups lack significance. 


RTXAGA = patients retransplanted for accelerated graft atherosclerosis; 
RTXRE] = patients reiransplanted for intractable acute rejection; SE = 
standard error; TX = patients transplanted primarily. 


dysfunction. Relative contraindications included ad- 
vanced age and psychosocial instability. Selection of re- 
cipients and donors has been well described previously 
[2]. 

Donors were brain-dead individuals who suffered head 
trauma or cerebrovascular accidents. Donor hearts were 
harvested locally or distantly, and graft preservation was 
accomplished with topical hypothermia and pharmaco- 

_ logical arrest. Orthotopic transplantation was performed 
by the technique described by Lower and Shumway [6]. 

Immunosuppression with cyclosporine was used for all 
patients. Several changing protocols have been used over 
the past 8 years. In general, the protocol changes were 
implemented to decrease the administered doses of cy- 
closporine and corticosteroids to avoid the complications 
of these agents. The most recent protocol change was 
made to utilize murine monoclonal antibody for rejection 
prophylaxis in the early postoperative period. The current 
protocol includes cyclosporine at a preoperative oral dose 
of 0 to 8 mg/kg followed by a daily oral dose administered 
to maintain a trough serum concentration of 100 to 150 
ng/mL as measured by radioimmunoassay. Azathioprine 
is administered intravenously at 4 mg/kg preoperatively 
and is maintained at a dose of 2 mg/kg/day adjusted 
according to the white blood cell count. Methylpredniso- 
lone is administered intraoperatively (500 mg at the con- 
clusion of cardiopulmonary bypass) and postoperatively 
(125 mg every eight hours for three doses). Prednisone is 
administered at a daily oral dose of 1 mg/kg and is 
gradually tapered over the ensuing 2 months to 0.2 
mg/kg/day. OKT3 murine monoclonal antibody (5 mg) is 
administered intravenously daily postoperatively for 14 
days. 

Rejection was suspected on clinical grounds or detected 
on routine endomyocardial biopsy. Rejection graded as 
moderate or severe on biopsy [7] was treated initially with 
intravenous methylprednisolone (1 g daily for -three days) 
or prednisone (100 mg orally for three days) followed by a 
2-week tapering schedule. If rejection persisted after two 
courses of methylprednisolone therapy or was accompa- 
nied by hemodynamic changes, antithymocyte globulin 
or, more recently, murine monoclonal antibody was used. 
In one patient, actinomycin D was used successfully to 
reverse a prolonged rejection episode. Continuing rejec- 
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tion, as evidenced by endomyocardial biopsy despite 
these treatment regimens, was an indication for retrans- 
plantation. 

Discharged patients underwent routine yearly cardiac 
catherization, endomyocardial biopsy, and coronary arte- 
riography to assess the hemodynamic state and the pres- 
ence and progression of AGA. Severe anatomical narrow- 
ing of graft coronary arteries was an indication for 
retransplantation. 

For purposes of data analysis, patients were placed into 
three groups: primary transplantation (TX group, n = 
288); retransplantation for development of severe acceler- 
ated graft atherosclerosis (RTXAGA group, n = 14); or 
retransplantation for intractable acute rejection (RTXREJ 
group, n = 9). Data examined included the linearized 
rates of rejection and infection for the first 3 postoperative 
months, the period of greatest risk for these complica- 
tions. Linearized rates were compared using the unpaired 
t test. Actuarial rates of freedom from rejection, actuarial 
rates of freedom from infection (defined as requiring 
treatment or causing symptoms), and actuarial rates of 
survival were calculated for the 7.5-year period of the 
study. Cutler-Ederer calculations were used to derive 
Kaplan-Meier actuarial rates [8, 9] and the Gehan test was 
used for statistical analyses comparing actuarial curves 
[10]. Statistical significance was defined by a p value less 
than 0.05. Follow-up time for the TX group ranged be- 
tween 1 month and 7.5 years (average, 2.4 years); the 
cumulative follow-up duration was 684 patient-years. For 
the RTXAGA group, follow-up time ranged from 1 month 
to 7.3 years (average, 2.0 years), and the cumulative 
follow-up was 28.1 patient-years. The RTXREJ group 
follow-up ranged from 1 month to 4.8 years (average, 1.4 
years), and the cumulative follow-up duration for this 
group was 12.3 patient-years. Follow-up was complete for 
all patients through May 1988. 


Results 


Rejection 

The linearized rate of rejection for the first 3 postoperative 
months was 1.69 + 0.09 (+ standard deviation) events/100 
patient-days for the TX group. In comparison, the linear- 
ized rates of rejection for the same period for the 
RTXAGA and RTXREJ groups were 0.94 + 0.3 and 2.09 + 
0.6 events/100 patient-days, respectively. The RTXAGA 
group experienced fewer rejection events in comparison 
with the TX group only (p < 0.02). 

Actuarial freedom from rejection during the 7.5-year 
period was 14% + 2% (+ standard error) at 1 year and 4% 
+ 3% at 5 years for the TX group. Of the RTXAGA group, 
27% + 14% were free of rejection at 1 year, but all had 
experienced rejection by 3.6 years (Fig 1). In the RTXREJ 
group, all patients at risk had experienced rejection by 3 
months (Fig 2). No statistical difference was noted when 
actuarial rates of freedom from rejection were compared 
between groups. 


Infection 


The linearized rates of infection for the first 3 postopera- 
tive months were 0.66 + 0.05 (+ standard deviation) 
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Fig 1. Actuarial freedom from rejection. Bars indicate +standard er- 
ror. (NS = not significant; RTXAGA = patients retransplanted for 
accelerated graft atherosclerosis; TX = patients transplanted primari- 
ly.) 


events/100 patient-days for the TX group, 1.34 + 0.37 
events/100 patient-days for the RTXAGA group, and 1.29 
+ 0.45 events/100 patient-days for the RTXREJ group. 
Differences were not statistically significant. 

Actuarial freedom from infection during the 7.5-year 
study period was 23% + 3% (+ standard error) at 1 year 
and 12% + 2% at 5 years for the TX group. Of the 
RTXAGA group, 33% + 13% remained free of infection at 
years 1 and 5 (Fig 3). Thirty-three percent + 18% of the 
RTXREJ group remained free of infection at years 1 and 5 
(Fig 4). There were no statistical differences when actuar- 
ial rates of freedom from infection were compared be- 
tween groups. 


‘Survival 


During the 7.5-vear study period, actuarial survival of 
81% + 2% (+ standard error) at 1 year and 58% + 4% at 
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Fig 2. Actuarial freedom from rejection. Bars indicate + standard | 
error. (NS = not significant; RTXRE] = patients retransplanted for 
intractable acute rejection; TX = patients transplanted primarily.) 
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Fig 3. Actuarial freedom from infection. Bars indicate + standard 
error. (NS = not significant; RTXAGA = patients retransplanted for 
accelerated graft atherosclerosis; TX = patients transplanted primari- 
ly.) 


5 years was achieved for the TX group. Of the RTXAGA 
group, 85% + 10% were alive at 1 year and 30% + 22% at 
5 years. There was no statistically significant difference 
between these curves (Fig 5). Actuarial survival of 44% + 
17% at 1 year and 44% + 0% at 5 years was achieved in the 
RTXREJ group. The actuarial survival of the RTXREJ ` 
group was significantly less than that achieved by the TX 
group (p < 0.05) (Fig 6). 


Cause of Death 


Niney-three of 288 patients in the TX group have died; the 
causes of death are listed in Table 2. Five of 14 patients in 
group RTXAGA died, and 5 of 9 patients in group RTXREJ 
died. The causes of death were determined by clinical 
evaluation or by postmortem examination if available. The 
specific times and causes of individual patient deaths are 
listed in Table 3 for group RTXAGA and in Table 4 for 
group RTXREJ. 
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Fig 4. Actuarial freedom from infection. Bars indicate + standard 
error. (NS = not significant; RTXRE] = patients retransplanted for 
intractable acute rejection; TX = patients transplanted primarily.) 


Ann Thorac Surg 
1989;48:350-5 








100 
—oO— TX (n=288) 


—e— RIXAGA (n=14) 
() Number at risk 


(36) 


NS 


9 1 2 3 4 5 6 7 
YEARS 


Fig 5. Actuarial survival. Bars indicate + standard error. (NS = not 
significant; RTXAGA = patients retransplanted for accelerated graft 
atherosclerosis; TX = patients transplanted primarily.) 


Functional Class 

Of the 195 survivors in the TX group, 189 patients (97%) 
are in New York Heart Association (NYHA) functional 
class I and 6 are NYHA in class II. Eight of 9 (89%) 
survivors in the RTXAGA group are in NYHA class I, and 
1 is in class II. All 4 survivors in the RTXREJ group are in 
NYHA class I. 


Comment 


Cardiac retransplantation for allograft failure, for a variety 
of causes including hemodynamic insufficiency, intracta- 
ble arrhythmias, intractable acute rejection, and severe 
AGA, was introduced in 1975. The practice has clearly 
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Fig 6. Actuarial survival. Bars indicate + standard error. (RTXREJ 
= patients retransplanted for intractable acute rejection; TX = pa- . 
tients transplanted primarily.) 
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Table 2. Categorical Cause of Death for Patients Transplanted 
Primarily 





No. of 
Cause Patients 
Infection 35 
Rejection 15 
AGA 14 
Nonspecific graft failure 
Lymphoid malignancy 5 
Nonlymphoid cancer 5 
Other 13 


AGA = accelerated graft atherosclerosis; Other = pulmonary hyper- 
tension, cerebrovascular disease, pulmonary embolus, or unknown cause. 


been shown to prolong survival, but overall numbers 
were small or results were reported during an earlier era 
when the “conventional” immunosuppressive regimen of 
azathioprine, corticosteroids, and antithymocyte globulin 
was used [4]. Watson and colleagues [5] reported the 
survival rate of second allograft hearts during the precy- 
closporine era to be approximately one half that for 
primary hearts, or 30% versus 60% at 1 year. With the 
small numbers of patients, inferences could not be drawn 
about results based on the specific indication for retrans- 
plantation. This review was undertaken to review current 
results of retransplantation using cyclosporine immuno- 
suppression and to determine if these results were related 
to the indication for retransplantation. 

The advent of cyclosporine in 1980 has generally been 
associated with improvement in 1-year survival from 
approximately 50% to 80% [11]. In the current series, the 
actuarial survival rates for the TX group was 81% at 1 year 
and 58% at 5 years. This was not significantly different 
than the actuarial survival of 85% at 1 year and 30% at 5 
years for the RTXAGA group. Therefore, patients retrans- 
planted for severe AGA probably can be expected to 
survive at rates similar to those of patients transplanted 
primarily. Patients transplanted for ongoing acute al- 
lograft rejection do not fare as well, however, as reflected 
in an actuarial survival rate of 44% at 1 and 5 years for the 
RIXREJ group. This poorer result is probably related to 
the precarious hemodynamic and immunologic state of 
these patients, as 8 of 9 required preoperative inotropic 
support or mechanical ventilation. Only 1 of the RTXAGA 


Table 3. Time and Specific Cause of Death for Patients 
Retransplanted for Accelerated Graft Atherosclerosis 





Patient POD Cause 

1 47 CMV pneumonia 

2 54 Fungal/bacterial pneumonia 
3 430 AGA 

4 848 AGA 

5 1,569 Bowel perforation 





AGA = accelerated graft atherosclerosis; 


CMV = cytomegalovirus; 
POD = postoperative day of death. 
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Table 4. Time and Specific Cause of Death for Patients 
Retransplanted for Intractable Acute Rejection 





Patient POD Cause 
6 1 Hyperacute rejection 
7 1 Bacterial sepsis 
8 76 CMV pneumonia 
9 105 Rejection 
10 210 Bacterial pneumonia 


CMV = cytomegalovirus; POD = postoperative day of death. 


group and approximately 10% of the TX group required 
such supportive measures. Thus, the indication for re- 
transplantation is clearly associated with the resultant 
actuarial survival rates. 

Up to 90% of rejection episodes, with cyclosporine- 
based immunosuppression, occur during the first 3 post- 
operative months [12]. Our data show that within this 
period the linearized rates of rejection for the TX (1.69 + 
0.09) and RTXREJ (2.09 + 0.6) groups were similar. The 
RTXAGA group linearized rate of rejection was 0.94 + 
0.3, which is significantly less than that of the TX group 
only. Perhaps this difference results from the immuno- 
suppression received by patients in the RTXAGA group 
before the second transplant procedure. The RTXREJ 
group, however, continued to experience rejection at a 
linearized rate similar to that of the TX group. Indeed, all 
RTXRE] patients at risk experienced rejection by 3 months 
after operation. This suggests that cardiac recipients un- 
dergoing retransplantation because of intractable acute 
rejection appear to remain at great risk for acute rejection 
of the second allograft, despite previous immunosuppres- 
sive therapy. Ferhaps this indicates continuing immuno- 
logical reactivity in this subset of patients. Indeed, 2 of the 
5 deaths in the RTXREJ group were due to rejection, 
whereas none of the 5 deaths in the RTXAGA group were 
due to rejection. At present, murine monoclonal antibody 
is being used for early acute rejection prophylaxis, and 
although preliminary data indicate that this method may 
be efficacious in the TX group, the experience in the 
retransplantation group is too small (n = 3) to draw any 
meaningful conclusions. 

The risk of infection as a consequence of immunosup- 
pression is well known. Our data demonstrated no clear 
difference between the three groups with respect to actu- 
arial rates of remaining infection-free for 7.5 years, or in 
the linearized rates of infection for the first 3 months, the 
period of greatest risk to the patient. During this period, 
35 of 93 (37%) of the TX deaths were due to infection as 
compared with 2 of 5 deaths (40%) in the RTXAGA group 
and 3 of 5 deaths (60%) in the RTXREJ group. 

The long-term survivors of each group fared well from 
the standpoint of cardiac function and quality of life. 
Although not specifically examined in this study, the 
satisfactory hemodynamic results after cardiac transplan- 
tation have been well documented [13]. All long-term 
survivors in the RTXRE] group and all but 1 of those in the 
RTXAGA group were in NYHA class I. 
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Development of AGA remains one of the continuing 
problems of cardiac transplantation. Before the use of 
cyclosporine, the incidence of AGA, measured by coro- 
nary arteriography, was 41.5% in 89 patients [14]. Since 
the introduction of cyclosporine, the incidence has been 
reported to be 33% in 132 patients. There is no statistically 
significant difference between these groups. Histologic 
evidence of the disease has been noted as early as 3 
months after operation in patients dying of other causes 
[15]. Previous research by Gao and co-workers [14] at- 
tempted to identify risk factors for development of AGA. 
No statistical correlation was found between the original 
recipient diagnosis of ischemic heart disease or other 
end-stage heart disease, recipient age, number of HLA 
mismatches, number of episodes of acute rejection, or 
corticosteroid dosage, although there was correlation with 
respect to donor age and recipient plasma triglyceride 
level [14]. 

Most transplant institutions endeavor to control the diet 
and lipid profile of cardiac transplant recipients, and 
many patients receive antiplatelet agents, but these efforts 
have not had much impact. Theories of immune injury to 
endothelial cells have been proposed for the development 
of AGA, but a clear pathogenesis has not been identified. 
As a result, only cardiac retransplantation is an effective 
treatment for the advanced stage of this disease. The 
actuarial survival of these patients, which is similar to that 
of the primary transplant group, argues favorably for 
continued use of yearly postoperative coronary arteriog- 
raphy for all transplant recipients to detect AGA. In 
contrast to patients with intractable acute rejection, pa- 
tients with severe AGA are usually hemodynamically 
stable when a second donor heart is located. We believe 
that retransplantation is clearly justified when severe 
AGA is diagnosed. If there is no contraindication to 
transplantation, the procedure is performed on an “elec- 
tive” basis in a manner similar to any primary transplant 
procedure. 

Cyclosporine has been associated with improved sur- 
vival after cardiac transplantation, although long-term 
problems with hypertension and nephrotoxicity have 
been well documented [12,13]. Improved survival has 
been associated with reduced morbidity and mortality 
from infection. There has been a clear reduction in the 
severity of the rejection episodes [16]. Intractable rejec- 
tion, however, will occur occasionally, and the clinician is 
then faced with a difficult situation. A patient who still 
meets the criteria for retransplantation can be expected to 
achieve an actuarial survival of 44% at 1 year, due to the 
high likelihood of rejection and the ever-present problems 
with infection. These patients are quite debilitated and 
usually require inotropic support and mechanical ventila- 
tion, and it is often difficult to determine when noncardiac 
organ system dysfunction has become irreversible. In this 
era of donor organ shortage, critical evaluation of the 
patient before transplantation and retransplantation is 
essential with respect to hemodynamic, pulmonary, re- 
nal, and liver function. Of 9 patients in our series who 
underwent retransplantation for intractable rejection, 4 
long-term survivors enjoy a functional result equivalent to 
that of patients transplanted primarily. Therefore, re- 


Ann Thorac Surg 
1989;48:350-—5 


transplantation for acute allograft rejection remains, as in 
the precyclosporine era, a salvage maneuver, and the 
procedure should continue to be used for select patients 
who continue to meet strict recipient criteria. The ex- 
pected outcome for these patients is not as good as that 
for patients who undergo primary transplantation, how- 
ever, and this fact should also be considered when scarce 
donor hearts become available. 


We thank Patricia Gamberg, RN, and Joan Miller, RN, for 
assistance in data collection and analysis. 
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Gastric Vascular Pedicle Patch Esophagoplasty 


for Stricture 


Gerhart Ramirez Schon, MD, Ana S. Suarez Nieves, MD, 


and Jose Cebollero Marcucci, MD 


Department of Surgery, Mayaguez Medical Center, Mayaguez, Puerto Rico 


Three patients with Batreit’s esophagus and strictures 
between the middle and distal thirds of the esophagus, 
of 5 to 26 years duration at the time of the plasty, were 
treated with an infradiaphragmatic Nissen fundoplica- 
tion and gastric vascular pedicle patch esophagoplasty, 
based on the right gastroepiploic vessels. Follow-up for 2 
patients has been 6 and 7 years; both patients are asymp- 


oe of the esophagus secondary to reflux esoph- 
agitis can occur at any level, especially when associ- 
ated with Barrett’s esophagus [1]. The best treatment for 
this process is. the removal of the offending agent by an 
antireflux operation. In most patients the stenosis should 
disappear spontaneously or after several dilations [2, 3]. 
In those whose stenosis defies dilation, or persists be- 
cause of transmural fibrosis, an esophagaplasty must be 
performed. Strictures near the gastroesophageal junction 
can be treated very effectively by a Thal-Nissen gastric 
serosal patch [4, 5]. If this technique were used for 
strictures at a higher level, an excessive amount of gastric 
fundus within the chest may produce serious complica- 
tions or intolerance in some patients [6, 7]. To keep the 
fundic wrap berteath the diaphragm and avoid the occa- 
sioiial complication, we have treated effectively 3 patients 
with strictures betweeri the middle and lower thirds of the 
esophagus by esophagoplasty with a patch developed 
from the gastric fundus and pedicled on the right gastro- 
epiploic vessels. 


Technique 


Through a midline abdominal incision, the right gastro- 
epiploic vessels are separated from the stomach on one 
side and the omentum on the other, extending from the 
pylorus to their extreme, where a 6-cm diameter patch of 
attached fundus is removed (Fig 1) and the stomach is 
closed transversely. If an antireflux operation has not 
been done previously, it is performed at this stage. The 
patch: is labeled with long silk sutures for intrathoracic 
orientation, brought to the hiatus retrogastrically, and 
pushed into the mediastinum or right chest in a position 
that avoids twists of the pedicle. The abdominal incision is 
closed and the patient placed in lateral position, right-side 
up, and a thoracotomy is performed through the sixth 
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tomatic except for periodic mild r in 1. The 
third patient developed cancer after 1 symptom-free year, 
and had esophagectomy with colon interposition. The 
results of this operation justify its use in recalcitrant 
lower intrathoracic esophageal strictures that do not 
respond to antireflux operation or dilation. 

(Ann Thorac Surg 1989;48:356-8) 


interspace. The stricture is identified with a dilator in- 
serted orally, and the esophagus is opened longitudinally 
at a right anterior position. Biopsy specimens are taken 
and the correctly oriented gastric patch is sutured to the 
defect with a single layer of nonabsorbable suture, avoid- 
ing kinks and twists of the pedicle (Fig 2). The incisions 
are then closed and the cavities drained appropriately. 


STRICTURE 





i) viseu.an 


PEDICLE 


Fig 1. Intraabdominal development of the gastric patch péedicled on 
the right gastroepiploic vessels. 
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PATCH 
FUNDOPLICATION 


Fig 2. Intrathoracie gastric patch esophageplasty with the right gas- 
troepiploic pedicle following a retrogastric, transhiatal course. 


Case Summaries 

Patient 1 

A 56-year-old woman had a perforation of the esophagus 
6 years previously during the extraction of a foreign body 
and was treated by direct repair. Stricture persisted 10 cm 
from the gastroesophageal junction, needing periodic 
dilations, which became more frequent and more difficult. 
This was repaired with a gastric patch esophagoplasty 
pedicled on the right gastroepiploic vessels. Distal esoph- 
ageal mucosa biopsy showed gastric mucosa. A Nissen 
fundoplication was done for reflux. Immediate postoper- 





wr 
wg 
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ative Gastrografin (diatrizoate meglumine and sodium 
meglumine) swallow showed a small leak, but a posterior 
extrapleural drainage of the area yielded no accumulated 
fluid and she healed uneventfully. The patient has been 
followed 7 years and has remained asymptomatic. 


Patient 2 

A 7-year-old girl with dysphagia for 5 years, weighing 
only 18 kg, was found to have a stricture 8 cm from the 
gastroesophageal junction by roentgenograms. The 
stenotic area was treated with a gastric patch esophago- 
plasty pedicled on the right gastroepiploic vessels and 
reflux treated with a Nissen fundoplication. Distal esoph- 
ageal biopsy showed gastric mucosa and the stricture 
showed transmural fibrosis. There were no postoperative 
complications, and the child has been followed 6 years 
with only one episode of choking on food which disap- 
peared spontaneously. 


Patient 3 


A 57-year-old man was seen with a totally obstructed 
esophagus; he had undergone a direct esophagoplasty for 
stricture 25 years previously. At operation the stricture 
was found at 5 cm above the gastroesophageal junction 
and a Thal-Nissen fundic serosal wrap was selected as 
treatment. In spite of acceptable immediate postoperative 
contrast radiographic findings, the patient complained of 
intolerable bloating and postprandial substernal pain. By 
3 months a stenosis was demonstrated at the same level 
(Fig 3A). At exploration the previous operation was taken 
down, stenosis was resolved with a gastric patch esoph- 
agoplasty pedicled on the right gastroepiploic vessels, 
and a fundoplication was constructed at an infradiaphrag- 
matic position (Fig 3B). Biopsy of the stricture showed 
transmural fibrosis and the distal esophagus showed 
gastric mucosa with atypia. At 1-year follow-up the pa- 
tient was asymptomatic, but a random biopsy per esoph- 
agoscope surprisingly showed invasive squamous cell 
carcinoma. The patient was treated by transhiatal esoph- 
agectomy and colon interposition. In the specimen the 


Fig 3. (A) intrathoracic stricture; (B) stricture re- 
solved with a gastric vascular pedicle patch esophago- 
plasty. 
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remains of the cancer were not found, and the patient is 
alive and well at 1 year. 


Comment 


An intrathoracic Nissen fundoplication prevents gastro- 
esophageal reflux very effectively, but it is not tolerated by 
some patients, producing an exaggerated “gastric bloat” 
syndrome. There are no data at present to show that this 
occurs more frequently when the fundoplication is within 
the chest; however, its severity in this position is dramatic 
and the patient expresses his or her discomfort emphati- 
cally. Bearing no relation to the subjective experience, 
ulcers of the intrathoracic fundus have been observed and 
perforations described. Whether this is due to technical 
details, such as the size of the diaphragmatic opening or 
redundancy of fundus within the chest, is highly debat- 
able. We have encountered a considerable number of 
these problems, and have been forced to revise an initial 
prejudice in favor of the intrathoracic Nissen fundoplica- 
tion. Due to the unpredictability of these complications, 
we prefer to keep the fundoplication within the abdomen 
whenever possible until a clearer definition and solution 
to the problem is described. 

An intestinal patch on a vascular pedicle is a good way 
to get a portion of bowel wall into the chest to construct an 
esophagoplasty without tension, avoiding restenosis and 
the need for an intrathoracic gastric fundus. Pedicled 
gastric patch esophagoplasty has been described based on 
either the right or left gastroepiploic vessels in the dog [8], 
and on the left gastroepiploic vessels in the human [9]. 
Usually, our padents do not have identifiable connections 
between the right and left gastroepiploic vessels at the 
greater curvature, and the left gastroepiploic turns out to 
be a longer short gastric. Due to their length, the right 
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gastroepiploic vessels were selected to serve as the pedicle 
for the gastric patch, and they have been shown to cover 
the distal 10 cm of esophagus comfortably. Whether the 
patch carries antral or fundic mucosa seems to be unim- 
portant, as evidenced by the benign follow-up of our 
patients with respect to recurrent esophagitis, stenosis, or 
symptoms. l 
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Amiodarone-Induced Complications After 
Cardiac Operation for Obstructive 
Hypertrophic Cardiomyopathy 


John P. Kupferschmid, MD, Todd K. Rosengart, MD, Charles L. McIntosh, MD, PhD, 
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The occurrence of unanticipated and seemingly unexpli- 
cable major complications of hepatic, pulmonary, and 
cardiac dysfunction after palliative operation for obstruc- 
tive hypertrophic cardiomyopathy prompted a review of 
71 sequential patients. Fifty-five patients had been 
treated preoperatively with B-blockers, calcium-channel 
inhibitors, or both, and 16 had received amiodarone for 
six to 566 days (mean time, 210 days) at total doses 
ranging from & to 175 g (mean dose, 82 g) and had 
drug-free intervals prior to operation of zero to 457 days 
(mean time, 91 days). Comparisons were made between 
the two treatment groups and between those with and 
without major complications within the amiodarone- 
treated group. Preoperative cardiac studies, sex, age, 
functional class, and type of operation were not related 
to outcome for the entire patient cohort. In amiodarone- 
treated patients, the major findings were as follows: a 
50% incidence of hepatic dysfunction with a tenfold 
increase in concentrations of serum glutamic-oxaloacetic 
transaminase and serum glutamic-pyruvic transaminase; 
a 25% incidence of pulmonary dysfunction necessitating 
a fourfold increase in the number of days of ventilator 
support; and a 19% incidence of low cardiac output 
syndrome with two deaths. Only 44% of the amiodarone- 


miodarone, an iodinated benzofuran derivative [2- 
butyl-3-(3,5,diiodo-4- B-diethylaminoethoxyben- 
zoyl)-benzofuran hydrochloride] was introduced in Eu- 
rope in 1967 as an antianginal agent [1]. Structurally 
similar to thyroxin, it has since found widespread use in 
Europe, South America, and eventually in the United 
States as an antiarrhythmic agent effective against both 
ventricular and supraventricular arrhythmias [2-7]. In 
1986, it was approved for use in the United States by the 
Food and Drug Administration for treatment of docu- 
mented life-threatening recurrent arrhythmias, recurrent 
ventricular fibrillation, and recurrent hemodynamically 
unstable ventricular tachycardia [8]. 
Although amiodarone was originally thought to have 
very low toxicity [2, 3], numerous reports have listed an 
alarming number of serious side effects including pulmo- 
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treated group had no serious complications. The inci- 
dence of major complications of the liver, lungs, and 
heart was 2%, 0%, and 2%, respectively, in patients not 
treated with amiodarone. Abnormal preoperative pulmo- 
nary function studies were predictive of prolonged post- 
operative ventilatory support. Discontinuation of amio- 
darone for several months prior to operation appeared to 
reduce the incidence of major complications. The neces- 
sary drug-free interval required preoperatively could not 
be determined from this retrospective experience. The 
recommendations resulting from this analysis are as 
follows: amiodarone should be discontinued and the 
operation delayed for as long an interval as possible; any 
abnormality in liver or pulmonary function studies 
should delay the procedure; and patients and referring 
physicians should be informed of the probability of 
increased complications, especially if the treatment reg- 
imen included more than 100 g of amiodarone for 300 
days or more. It is concluded that caution must be used 
when patients who have been treated with amiodarone 
are being considered for surgical palliation of obstructive 
hypertrophic cardiomyopathy. 


(Ann Thorac Surg 1989;48:359--64) 


nary fibrosis (4-7, 9-13], hepatic dysfunction [4-7, 11]. 
proarrhythmic effects [2, 4], and worsening of cardiac 
failure [3, 5, 7]. Despite these reports of its toxicity, little is 
known about the effects of amiodarone on patients with 
hypertrophic cardiomyopathy who undergo a cardiac 
operation after preoperative treatment with this agent. 
This study was undertaken because several major unex- 
plainable complications occurred in patients who under- 
went operative intervention to relieve obstruction of hy- 
pertrophic cardiomyopathy after they had been treated 
with amiodarone. 


Material and Methods 


This report is the result of a retrospective review of 71 
patients operated on at the Surgery Branch, National 
Heart, Lung, and Blood Institute, during the interval 
April 1, 1984, to September 1, 1986, for symptoms of 
obstructive hypertrophic cardiomyopathy. Each patient 
was referred for operation by the Cardiology Branch after 
having failed maximal medical therapy and remaining in 
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Table 1. Summary of Data for Amiodarone-Treated Group 
Treatment Total Average Drug- Cross- 
Patient Time Dose Dose Free Time Clamp Time 
No. Protocol (days) (g) (g/day) (days) (min) Operation Complication 
1 Arrhythmia 303 175 0.578 457 118 MVR Hepatic + pulmonary + 
LCOS 
2 Symptoms 81 66 0.815 42 42 LVMM None 
3 Symptoms 100 48 0.480 3 76 LVMM Hepatic 
4 ` Symptoms 175 82 0.469 46 37 LVMM Hepatic + severe 
photosensitivity 
5 Symptoms 55 40 0.727 47 115 MVR Pulmonary 
6 Arrhythmia 566 128 0.226 0 49 LVMM Hepatic + pulmonary 
7 Symptoms + 41 35 0.854 228 46 LVMM None 
arrhythmia 
8 Symptoms 314 141 0.449 96 48 MVR Hepatic + LCOS; died 
_ Symptoms 100 60 0.600 191 61 LVMM None 
10 Arrhythmia 262 50 0.191 0 66 MVR None 
11 Symptoms 170 78 0.454 39 61 MVR Hepatic 
12 Arrhythmia 72 36 0.500 37 111 MVR Photosensitivity + 
alopecia 
13 Arrhythmia 396 168 0.424 17 60 MVR Hepatic + pulmonary + 
severe alopecia 
14 Arrhythmia 6 8 1.333 22 62 MVR None 
15 Arrhythmia 534 107 0.200 0 170 LVMM + RVOT Hepatic + LCOS; died 
resection 
16 Arrhythmia 182 92 0.505 `: 234 46 LVMM None 


LCOS = low cardiac output syndrome; 
right ventricular outflow tract. 


New York Heart Association functional class I or IV. 
Sixteen patients had been treated preoperatively with 
amiodarone in varying doses and for varying intervals. 
Data were collected from reviews of the hospital chart, 
interviews with the patient or the referring physician or 
both, and review of the drug trial data. The 16 amio- 
darone-treated patients were compared with 55 patients 
with obstructive hypertrophic cardiomyopathy who were 
operated on during the same interval but did not receive 
amiodarone. 


Patient Group Characteristics 


The amiodarone-treated patients and the nonamiodarone- 
treated patients were similar in regard to age (43 + 4 years 
versus 49 + 2 vears, respectively) and sex (44% male 
versus 45% male, respectively). They did not differ signif- 
icantly in terms of the following: preoperative liver func- 
tion tests (serum glutamic-oxaloacetic transaminase 
[SGOT], 20 + 2 mIU versus 19 + 2 mlU, and serum 
glutamic-pyruvic transaminase [SGPT], 28 + 3 mIU ver- 
sus 24 + 3 mJU), pulmonary function tests (forced expi- 
ratory volume in 1 second, 83% + 5% of predicted versus 
88% + 2% of predicted; forced vital capacity, 82% + 5% of 
predicted versus 81% + 2% of predicted; forced expiratory 
volume in 1 second to forced vital capacity ratio, 100% + 
2% of predicted versus 101% + 2% of predicted; and 
pulmonary diffusing capacity of carbon monoxide, 74% + 
6% of predicted versus 75% + 5% of predicted), or 


LVMM = left ventricular septal myotomy-myomectomy; 





MVR = mitral valve replacement; RVOT = 


pulmonary artery pressures (systolic, 35 + 14 mm Hg 
versus 32 + 10 mm Hg; diastolic, 15 + 8 mm Hg versus 14 
+ 6mm Hg; wedge, 13 + 4mm Hg versus 18 + 6 mm Hg; 
and left ventricular end-diastolic, 16 + 6 mm Hg versus 21 
+ 0 mm Hg). In addition, there was no significant 
difference in preoperative ejection fraction (75% + 10%. 
versus 76% + 12%). 

All patients in the amiodarone-treated group had a 
diagnosis of obstructive hypertrophic cardiomyopathy 
with hemodynamically significant left ventricular outflow 


tract obstruction (rest or provoked gradients > 50 mm 


Hg). Eight patients were prescribed amiodarone because 
of preoperative arrhythmias refractory to standard medi- 
cal therapy: supraventricular tachycardia (3), atrial fibril- 
lation (3), and ventricular tachycardia (2) (Table 1). The 8 
other patients were participants in a clinical trial evaluat- 
ing the efficacy of amiodarone in relieving symptoms of 
obstructive hypertrophic cardiomyopathy. 

The total number of days of amiodarone treatment 
ranged from six to 566 with a mean of 210 days (see Table 
1). The total dose ingested ranged from 8 to 175 g witha 
mean of 82 g. The length of time from discontinuation of 
the drug to operation ranged from zero to 457 days with a 
mean of 91 days. The average dose ranged from 191 to 
1,333 mg with a mean of 550 mg. 

Operations performed were similar in the amiodarone- 
treated and’ nonamiodarone-treated groups: mitral valve 
replacement, 50% versus 45%, respectively, and left ven- 
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tricular septal myotomy-myomectomy, 50% versus 55%, 
respectively. Average cross-clamp time was similar in 
both groups, 74 + 10 minutes versus 73 + 5 minutes, as 
was bypass time, 123 + 14 minutes versus 118 + 6 
minutes. Two (13%) of the 16 amiodarone-treated patients 
and 1 (2%) of the 55 nonamiodarone-treated patients 
required an intraaortic balloon pump to be weaned from 
cardiopulmonary bypass. Myocardial protection meth- 
ods, anesthesia techniques, preinduction and induction 
medications, and maintenance drugs were similar in both 


groups. 


Statistical Analysis 


Comparisons were made between the amiodarone-treated 
and nonamiodarone-treated groups and between those 
patients in the amiodarone-treated group who did not 
have complications versus those who did. The compari- 
sons were performed using contingency table analyses 
and the Wilcoxon test. 


Results 


Complications 


A summary of the complications encountered in both 
groups is shown in Table 2. Six (38%) of the patients 
treated with amiodarone had no complications. One had 
mild skin problems of photosensitivity and alopecia. Nine 
patients (56%) had major complications involving sub- 
stantial hepatic, pulmonary, and cardiac dysfunction. 
Two of these patients died. The incidence of complica- 
tions was significantly higher in the amiodarone-treated 
group compared with the nontreated group (p < 0.05). 
Complete liver function tests were performed daily in 
all patients, though Table 3 provides the maximal values 
for only SGOT and SGPT. The incidence of hepatic 


Table 2. Postoperative Complications in Both Groups* 


No 
Amiodarone Amiodarone 
Treatment Treatment 
Complication (n = 16) (n = 55) 
Photosensitivity, alopecia 1 0 
(mild) 
Hepatic 5 1 
Hepatic + pulmonary 2 0 
Pulmonary 4 0 
LCOS 3 1 
LCOS + hepatic 2 0 
LCOS + hepatic + 1 0 
pulmonary 
Total 10 (62.5)? 2 (4) 
None 6 (37.5) 53 (96) 
Death 2 (12.5) 0 (0) 


a Numbers in parentheses are percentages. » Nine patients had one or 
more major hepatic, pulmonary, or cardiac complications; only 1 patient 


sustained just one major complication, a pulmonary complication. 


LCOS = low cardiac output syndrome. 
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Table 3. Postoperative Data for Both Groups" 





No 
Amiodarone Amiodarone 
Treatment Treatment 
Variable (n = 55) (n = 16) 





Hepatic dysfunction 
SGOT (mIU/dL)? 
SGPT (mIU/dL)? 


95 + 10; 3-132 950 + 659; 37-10,700 
75 + 12; 5-183 782 + 385; 146,120 


Patients with 1/55 (2) 8/16 (50) 
severe 
dysfunction 
Pulmonary 
dysfunction 
Ventilator (days) 0.8 4.3; 0.8-35 
Moderate 0 1 
Adult respiratory 0 3 
distress 
syndrome 
Total 0 (0) 4 (25) 
Low cardiac output 
syndrome 
Moderate (no 1 1 
IABP; drug 
responsive) 
Severe (IABP; not 0 2 
responsive to 
inotropic drugs) 
Total 1 (2) 3 (19) 
Deaths 0 2 (12.5) 


a Numbers in parentheses are percentages. > Data are shown as the 
mean + the standard error of the mean; the range follows. 


IABP = intraaortic balloon pump; SGOT = serum glutamic-oxaloacetic 
transaminase; SGPT = serum glutamic-pyruvic transaminase. 


dysfunction was 50% in the amiodarone-treated group 
and 2% in the other group. For all 16 patients in the 
former group, the mean maximal values of SGOT and 
SGPT were about ten times those in the latter group. 
Within the amiodarone-treated group, the mean values 
for patients who did not exhibit hepatic dysfunction 
versus those of patients who did were 53 and 1,939 
mIU/dL, respectively, for SGOT and 34 and 1,325 mIU/dL, 
respectively, for SGPT. 

Pulmonary dysfunction occurred in 25% of the amio- 
darone-treated group and necessitated 3, 7, 14, and 35 
days of ventilatory support. No patient in the nonamio- 
darone-treated group required more than 24 hours af 
support. 

Low cardiac output syndrome (LCOS), defined as a 
cardiac index of less than 2.0 L/min/m? and evidence of 
poor organ perfusion, occurred in 3 patients in the amio- 
darone-treated group. One of these patients also had 
hepatic and pulmonary dysfunction, which abated con- 
comitantly in response to inotropic agents. The 2 patients 
with severe LCOS had gross hepatic dysfunction as well, 
and were unresponsive to inotropic drugs and intraaortic 
balloon treatment. These 2 patients died. Only 1 patient in 
the nonamiodarone-treated group sustained LCOS, and 
required substantial quantities of inotropic agents for a 
short time (less than 48 hours). 
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Relationship of Complications to Four Variables in 
Amiodarone-Treated Group 


PREOPERATIVE DATA. Preoperative liver function test re- 
sults did not predict which patients would or would not 
have major increases in serum enzyme concentrations in 
the immediate postoperative interval. The 7 patients with- 
out major dysfunction had mean values of 18.4 and 27.4 
mlU/dL for SGOT and SGPT, respectively. The 5 patients 
with hepatic dysfunction, with or without pulmonary 
complications, had values of 19.2 and 28.4 mIU/dL for 
SGOT and SGPT, respectively. The one exception was the 
single patient in whom amiodarone-induced hepatitis 
developed preoperatively. She was operated on 39 days 
after discontinuation of amiodarone. At the time of oper- 
ation, the liver function test results had returned to 
normal. Substantial hepatic dysfunction with maximal 
values of 1,225 and 1,835 mIU/dL for SGOT and SGPT, 
respectively, developed postoperatively. 

Preoperative pulmonary function studies, on the other 
hand, were predictive of the development of complica- 
tions. The mean values for forced expiratory volume in 1 
second, forced vital capacity, and diffusing capacity of 
carbon monoxide for the 4 patients with postoperative 
pulmonary dysfunction versus the 9 without this compli- 
cation who were tested were 71% versus 89%, 68% versus 
87%, and 55% versus 83%, respectively. The presence of 
pulmonary hypertension preoperatively was not related, 
as 2 of the 3 patients with pulmonary hypertension had 
no pulmonary complications. The occurrence of amio- 
darone-induced pulmonary fibrosis preoperatively also 
seemed to predispose to severe pulmonary dysfunction 
postoperatively, as was seen in 1 patient despite normal 
pulmonary function test results. 

The development of LCOS was not related to pulmo- 
nary hypertension or preoperative cardiac function. None 
of the 3 patients with this complication had elevated 
pulmonary artery pressures. All 3 had ejection fractions 
greater than 76% as measured by radionuclide angiogra- 
phy. The left ventricular end-diastolic pressures were not 
different from those in patients without the complication 
or those in the nonamiodarone-treated group. 

Two patients with LCOS who subsequently died had 
cross-clamp intervals of 48 and 170 minutes, and the 1 
patient with LCOS who survived had a cross-clamp 
interval of 118 minutes. 


TOTAL DOSE. The 7 patients without major complications 
had a mean dose of 49.6 g. The 4 patients with hepatic 
dysfunction only or pulmonary dysfunction only had 
injected 62 g. The 5 patients with two or more complica- 
tions had a mean total dose of 143.8 g with a range of 107 
to 175 g. There was no significant difference between the 
mean dose of patients with a single major complication 
and that of patients without complications. However, 
patients who received more than 100 g were at high risk 
for two or more complications or death. i 


AVERAGE DAILY DOSE. The average daily dose ranged from 
191 to 1,333 mg. The mean value for those without 
complications was 685 mg and for those with complica- 
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tions, 445 mg. No relationship was found with respect to 
the incidence of complications or any other variable. 


DRUG-FREE PREOPERATIVE INTERVAL. The 7 patients with- 
out major complications had preoperative drug-free inter- 
vals ranging from zero to 234 days with a mean interval of 
108 days. In 4 of these patients, the drug-free interval was 
42 days or less. The 9 patients with complications had 
intervals ranging from zero to 457 days. However, for 8 of 
the 9, the interval was zero to 96 days with a mean of 31 
days. Three patients had no drug-free interval prior to 
operation; 2 of them had major complications and 1 died. 
For the patients without complications, the mean drug- 
free interval was 1.4 days longer than the mean treatment 
duration. In contrast, the 9 patients with complications 
had a mean treatment duration 106.5 days longer than the 
mean drug-free interval. 


Comment 


Amiodarone has a wide variety of pharmacological ef- 
fects. They include decreasing coronary vascular resis- 
tance and increasing coronary blood flow [14, 15], de- 
creasing peripheral vascular resistance [14-16], causing an 
atropine-resistant sinus bradycardia [14, 16-18], causing a 
noncompetitive blockade of both a- and f-adrenergic 
receptors [14, 16, 17, 19], and a noncompetitive inhibition 
of both the inotropic and the chronotropic response to 
glucagon [17]. DeBoer and colleagues [20] showed that 
amiodarone favorably influenced hemodynamic values 
and decreased infarct size in experimental myocardial 
infarction. Charlier and associates [14] demonstrated in 
dogs that amiodarone had major negative inotropic ef- 
fects, work later confirmed by others [15, 21]. In addition, 
amiodarone possesses numerous electrophysiological ef- 
fects, which make it attractive as an antiarrhythmic agent. 
It results in a marked prolongation of both atrial and 
ventricular action potentials [18] and a substantial in- 
crease in the effective refractory period of the atrium, 
ventricle, atrioventricular node, His-Purkinje system, and 
accessory pathways [2]. 

The pharmacokinetics and pharmacodynamics of ami- 
odarone are not highly predictable [5-7]. The drug has a 
low bioavailability after oral ingestion [22] and has an 
extremely variable half-life ranging from 20 to 80 days [3, 
6]. There is evidence to suggest that amiodarone pos- 
sesses tissue-specific uptake and concentration [22] in 
addition to tissue-specific activity [19]. 

Amiodarone has been proven in numerous clinical 
series to be highly efficacious as an antiarrhythmic agent 
effective against both supraventricular and ventricular 
arrhythmias [2-7]. Although its safety record during a 
decade of use in Europe and South America was impres- 
sive [2, 3], it has not found a similarly low risk/benefit 
ratio in the United States [2-7, 9-13]. Many reasons have 
been postulated to explain the higher incidence and 
severity of complications seen in the United States, the 
most convincing of which is that higher doses were used 
[4, 5, 7, 11], particularly for patients with drug-refractory 
arrhythmias [4]. i 

Amiodarone is now prescribed for patients who will 
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eventually require a cardiac operation, although there 
have been few reports of its use in the surgical setting [16, 
21, 23]. We are aware of two case reports of patients in 
whom LCOS developed [16, 21], two cases of atropine- 
resistant sinus bradycardia [16, 23], and one case of 
complete heart block [23], all thought to be secondary to 
amiodarone. 

The most consistent finding in these reports is the 
development of LCOS, reported by Gallagher and associ- 
ates [16] in 1981 and by MacKinnon and colleagues [21] in 
1983. Both of these studies, however, dealt with patients 
who had severe coronary artery disease and underwent 
coronary artery bypass grafting and resection of a left 
ventricular aneurysm. This group of patients can be 
expected to have an increased incidence of LCOS postop- 
eratively, which is related to the underlying cardiac dis- 
ease, thus making it difficult to implicate the drug as a 
cause of LCOS. In the patient reported by Gallagher and 
co-workers [16], an inappropriately low systemic vascular 
resistance (600 dyne-sec/cm®), which was refractory to 
a-adrenergic agonists, developed. In addition, Liberman 
and Teasdale [23], in 1985, reported that 6 of 12 patients 
who had a variety of cardiac operations and were treated 
preoperatively with amiodarone required an intraaortic 
balloon pump to be weaned from cardiopulmonary by- 
pass. They also noted that in 2 patients, a state of 
“alpha-adrenergic blockage” leading to a low systemic 
vascular resistance developed, despite a-agonist therapy. 

The findings in this report support the previous cita- 
tions of LCOS and clinically significant a-adrenergic 
blockade associated with the use of amiodarone. Al- 
though no test was found that would seem to indicate 
which patient was going to experience either LCOS or 
a-adrenergic blockade postoperatively, the development 
of pulmonary dysfunction postoperatively might be pre- 
dicted on the basis of preoperative data. First, the devel- 
opment of pulmonary fibrosis preoperatively may place 
the patient at a higher risk of pulmonary dysfunction 
postoperatively, regardless of the pulmonary function 
variables at the time of operation. Second, a fall in 
pulmonary function test results (particularly the pulmo- 
nary diffusing capacity of carbon monoxide) to a level less 
than 80% of predicted that does not rise higher than 80% 
on withdrawal of amiodarone may place the patient at 
increased risk of pulmonary dysfunction postoperatively. 
Third, the development of drug-induced hepatitis while 
on a regimen of amiodarone may place a patient at risk for 
hepatic dysfunction even if the pulmonary function test 
results have returned to normal preoperatively. 

. Two or more major complications in the same patient 
appeared to be dose related because those patients receiv- 
ing more than 100 g of amiodarone preoperatively had the 
highest incidence and severity of complications. The 
development of pulmonary or hepatic dysfunction or 
LCOS does not appear to be related to the length of time 
from discontinuation of the drug to the time of operation 
except in a general way. However, the duration of the 
drug-free interval was related to the incidence of compli- 
cations when it was shorter than the duration of drug 
administration. The 7 patients without major complica- 
tions had longer drug-free intervals (mean interval, 108 
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days) than those with complications (mean interval, 31 
days). In view of the extremely long and variable half-life 
of amiodarone, the appropriate drug-free interval re- 
quired is unknown. 

Low cardiac output syndrome developed in 3 of the 16 
amiodarone-treated patients, 2 of whom died, and in only 
1 of the 55 nonamiodarone-treated patients without any 
clear predictor to indicate this outcome. One of the 
patients who died had the longest cross-clamp time (170 
minutes), but this did not differ significantly from the 
longest cross-clamp time in the nonamiodarone-treated 
group (154 minutes). In addition, the other patient who 
died had a cross-clamp time of 48 minutes. Thus, time of 
ischemia by itself was not a predictor of either LCOS or 
death. The possibility remains, however, that the combi- 
nation of a long period of ischemia and a substantial 
intake of amiodarone preoperatively (>100 g) places the 
patient at a higher risk of LCOS, death, or both. 

A number of factors may be responsible for the variabil- 
ity in the drug-free interval. It is known that amiodarone 
uptake is, in part, tissue specific [22]. It is highly lipo- 
philic, and penetrates and binds to tissues with high lipid 
content. It has been proposed that amiodarone binds to 
intracellular phospholipids and prevents the breakdown 
of these phospholipids [12]. The accumulation of phos- 
pholipids may then be responsible for some of the find- 
ings of dose-related toai: particularly in organs such as 
the lung [9, 12]. 

We urge cardiac surgeons to exercise increased caution 
in considering operative palliation for patients treated 
with amiodarone, particularly if one or more of the 
following factors are present: there is clinical evidence of 
pulmonary or hepatic dysfunction preoperatively; there is 
a decline in pulmonary function studies (particularly the 
pulmonary diffusing capacity of carbon monoxide) to 
values less than 80% of predicted; after withdrawal of the 
drug, the pulmonary function test results fail to reach 
normal levels (greater than 80% of predicted); or the 
patient has taken more than 100 g of amiodarone (total 
preoperatively), has taken the drug for 300 days or more, 
or has not had a drug-free interval equal to or greater than 
the drug treatment interval. 
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Viable Cryopreserved Aortic Homograft for Aortic 


Valve Endocarditis and Annular Abscesses 
Joseph B, Zwischenberger, MD, Tarek Zaghloul Shalaby, MD, 


and Vincent R. Conti, MD 


Department of Surgery, University of Texas Medical Branch at Galveston, Galveston, Texas 


Six consecutive patients with active aortic valve en- 
docarditis, including 2 with extensive subannular aortic 
root abscess, were successfully treated with viable cryo- 
preserved homograft aortic valve replacement. Two pa- 
tients required extensive aortic root reconstruction with 
an appropriately trimmed aortic homograft to cover large 
abscess cavities. All patients showed resolution of infec- 
tion with no perioperative mortality or clinically sig- 
nificant morbidity. Three patients had a minor degree 
of aortic insufficiency on postoperative echo-Doppler 
study. On follow-up at 6 to 48 months, all patients were 


‘ince the first successful surgical treatment of acute 
infective endocarditis, several large series have been 
reported that confirm the efficacy and low reinfection rate 
using mechanical es [1, 2], xenografts [3], and nonvi- 
able homografts [4]: However, when infection is exten- 
sive, secure prosthetic valve placement can be technically 
challenging, and the incidence of paravalvular leak and 
valve dehiscence is still high, especially when annular 
abscess is present with endocarditis. 

Aortic valve homografts, which have been shown to be 
virtually free of thromboembolic complications [5], have 
become a more attractive choice for aortic valve replace- 
ment with a demonstration by O’Brien and colleagues [6] 
that cryopreserved valves with viable leaflet tissue are 
significantly more durable than nonviable homograft 
valves. Likewise, Matsuki and associates [5], who have 
more than 20 years of experience with aortic valve ho- 
mografts, conclude that the good quality of life and 
median life expectancy make the homograft an excellent 
choice for aortic valve replacement. The analysis by 
O’Brien and colleagues [6] of the hazard function for 
endocarditis in patients without preoperative valve infec- 
tion showed a lack of an early phase of risk, supporting 
the idea that the aortic valve homograft has a special 
resistance to the development of early prosthetic valve 
endocarditis. This suggests that use of the aortic valve 
homograft may further decrease the reinfection rate for 
patients with active endocarditis, leading some investiga- 
tors to consider it the prosthesis of choice in these patients 
[7]. The device has the added advantage of not requiring 
fixation of a rigid prosthetic sewing ring in an infected 
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in New York Heart Association functional class I. The 
resistance of the unstented homograft to infection makes 
it an attractive choice for patients requiring aortic valve 
replacement for active endocarditis. The results of surgi- 
cal intervention in patients with extensive aortic root 
involvement may be further improved by the flexibility 
afforded by the homograft to be “custom-fit” to the 
abnormal aortic root and the ability to achieve secure: 
valve fixation without use of prosthetic material. 


(Ann Thorac Surg 1989;48:365~70) 


annulus while providing the flexibility of using the adja- 
cent aortic wall and mitral valve for repair of major aortic 
root defects. We present a series of 6 patients with active 
aortic valve endocarditis who were treated by aortic valve 
replacement with a cryopreserved human aortic’ ho- 
mograft and describe the technique used in the 2 patients 
with extensive annular abscesses in whom the homograft 
tissue was used to reconstruct the aortic root. 


Material and Methods 


Six patients underwent aortic valve replacement with 
viable cryopreserved human aortic homografts for active 
aortic valve endocarditis at The University of Texas Med- 
ical Branch in Galveston between January 1986 and De- 
cember 1987. The demographic characteristics and the 
important clinical characteristics are summarized in Table 
1. There were 5 men and I woman aged 31 to 53 years. 
Three patients were intravenous drug abusers. Three of 
the 6 patients had systemic emboli. Two patients had 
active aortic root abscesses, and the other 4 had -active 
vegetations and valve destruction usually with some 
minor involvement of the aortic annulus. 

The operative technique is as follows. Cardiopulmo- 
nary bypass is instituted using a single venous ¢annula; 
the aorta is cross-clamped, and the myocardium is pro- 
tected by cold oxygenated crystalloid cardioplegia with 
intermittent cardioplegic reinfusion. A transverse aortot- 
omy is made high enough not to interfere with the most 
superior portion of the homograft suture line: and is 
extended into the noncoronary sinus of Valsalva midway 
between the commissures. The extent of tissue destruc- 
tion of the aortic valve is assessed and the diseased tissue 
is then excised, with care taken to debride infected puru- 
lent material from the annulus, aortic wall, and ventricu- 
lar septum. The diameter of the aortic root at the level of 
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the annulus is determined using prosthetic valve-sizing 
devices. When determining this dimension, one must 
consider that the homograft size should be chosen on the 
basis of the diameter that will be used to support the 
homograft valve leaflets, as the defects created by an 
annular abscess and its debridement may allow oversizing 
if the annular diameter alone is used. Because of the 
thickness of the trimmed aortic homograft, the valve size 
chosen for replacement must be 2 to 3 mm smaller than 
the measured aortic annulus because the homograft size is 
measured as its internal diameter. 

The aortic homograft is thawed by the recommended 
technique and then trimmed after assessment of the best 
orientation and the amount of contiguous aortic wall and 
mitral anterior leaflet needed to repair any existing aortic 
root defect. If no such defect exists, the valve and valve 


Transverse Section at Aortic Anulus 






Plane of section 
for succeeding 
views 


Interventricular į § 
septum 


Fig 1. Custom-fit aortic homograft as replacement of aortic valve en- 
docarditis with annular abscess. After debridement of the abscess, the 
homograft is rotated and trimmed so that the anterior mitral leaflet 
can be used to repair the subannular defect. (LCC = left coronary 
cusp; NCC = noncoronary cusp; RCC = right coronary cusp.) 
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orientation are trimmed as described by Kirklin and 
Barrett-Boyes [7]. We now prefer to use interrupted mat- 
tress sutures (3-0 braided synthetic sutures) for the sub- 
annular suture line and place these while the homograft is 
being thawed and trimmed. The recommendation to 
rotate the homograft valve 120 degrees, thus placing the 
thick septal muscle of the graft opposite the flat portion of 
the outflow tract above the mitral valve, is controversial. 


_ In the 2 patients with large annular abscesses, the ho- 


mograft was rotated so that the anterior mitral leaflet 
could be best used to repair the subannular defect (Fig 1). 
In 1 patient in this series, a portion of this suture line was 
done with pledgetted mattress sutures placed in healthy 
uninvolved septal muscle because of the friability of the 
muscular septum bordering the abscess. The homograft 
aortic wall of the appropriate sinus(es) of Valsalva is 
retained when the homograft is initially trimmed and, 
after the subannular suture line is completed, is then 
fashioned to close the extension of the abscess into the 
aortic wall above the annulus accurately (see Fig 1). The 
three suture lines to form the aortic sinuses and secure the 
homograft aortic wall to the host aorta are sewn with 
continuous 4-0 monofilament polypropylene suture. 


Results 


' The clinical course of each patient is summarized in Table 
1. All except the patient with Chlamydia endocarditis 
(patient 3) had positive blood cultures for the organism 
noted and were operated on during their initial antibiotic 
course for endocarditis. The length of antibiotic treatment 
for these 5 patients was: 3 days (patient 6), 3 days (patient 
1), 12 days (patient 4), 31 days (patient 5), and 54 days 
(patient 2). In 5 of the 6 patients the intraoperative 
cultures showed no growth. In patient 1, coagulase- 
negative Staphylococcus grew from the aortic valve at the 
time of operation. 

The aortic cross-clamp time ranged from 129 to 179 min 
(mean cross-clamp time, 145 min). Postoperative cardiac 
performance was good, but 1 patient required catechol- 
amine support for 45 min. All patients were transferred 
out of the intensive care unit on the first postoperative 
day. There was no perioperative or late mortality, all 
patients showed marked functional hemodynamic im- 
provement (Fig 2), and there were no cases of early 
homograft valve endocarditis. One of our patients (pa- 
tient 1), who required repeated transfusion for aplastic 
anemia, experienced endocarditis and moderate aortic 
insufficiency 1.5 years after operation but has not required 
reoperation. 

Complete heart block was present preoperatively in 1 
patient (patient 6), who required a pacemaker. Postperi- 
cardiotomy syndrome was seen in 1 patient (patient 1) 
and spontaneous pneumothorax in 1 patient (patient 5). 
There have been no neurological or thromboembolic com- 
plications after operation. 

Postoperative Doppler echocardiographic evaluation 
was performed shortly before hospital discharge; data are 
summarized in Table 1. Trivial aortic incompetence was 
detected in 2 patients (patients 2 and 3), and 1 patient 
(patient 5), who was asymptomatic, had mild to moderate 
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Before After 
operation 
I I 
II I 
Til I 
IV IV 


NYHA class 


Fig 2. New York Heart Association (NYHA) functional class before 
and after operation. 


aortic incompetence with an associated grade 2/6 murmur 
of aortic incompetence present. Neither of the patients 
with extensive aortic root abscess had more than trivial 
aortic incompetence. No patient had a detectable systolic 
gradient across the homograft valve. 


Comment 


Although the incidence of persistence of infection after 
prosthetic aortic valve replacement for endocarditis is as 
low as 3% to 4% in some series, this complication and 
paravalvular leak and valve dehiscence are still major 
causes of morbidity that can be influenced by improve- 
ments in surgical technique. Many patients with en- 
docarditis do not have aortic annular involvement and can 
have secure placement of a prosthetic valve with a low 
risk of persistent infection, but in others with more 
advanced invasive infection, involvement of the aortic 
annulus, ventricular septum, and aortic root can greatly 
complicate valve replacement and increase the risk of 
valve reinfection and valve dehiscence. Annular abscess 
has been reported in 41% of patients dying of native aortic 
valve infections [8] and some degree of annular necrosis 
and abscess was described in all patients dying of infec- 
tion of prosthetic heart valves in one series [9]. 

Although debridement and primary suture closure of a 
small aortic root abscess is possible in conjunction with 
valve replacement, with large annular abscesses with 
aortic root defects simple valve replacement is usually not 
possible and more complex techniques are required. 
These have included prosthetic patch closure of the aortic 
root defect with valve fixation in part to the patch [10-13], 
composite prosthetic valve conduit placement with reim- 
plantation of the coronary ostia [14, 15], ascending aortic 
prosthetic valve placement with supravalvular coronary 
artery vein grafts [16-18], and extraanatomical bypass 
with an apicoaortic conduit [19, 20]. 
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Lau and associates [21] first reported using the human 
aortic homograft to replace the entire aortic root with 
reimplantation of the coronary ostia for aortic valve en- 
docarditis and aortic root abscess, and Okita and co- 
workers [22] later reported a 22.6% operative mortality 
and a 4.4% reinfection rate with this technique. This 
approach has the advantage of leaving the homograft 
valve entirely supported by the retained full circumfer- 
ence of the aortic wall, thus assuring normal valve func- 
tion and permitting the distal suture line to be placed in 
uninvolved recipient aortic wall. 

We believe that most of the advantages of homograft 
root replacement can be realized with proper trimming of 
the homograft to close the entire defect securely while 
avoiding the need for reimplantation of the coronary 
arteries and minimizing the amount of homograft aortic 
wall used. The goal, therefore, is to allow reinforcement 
of the abscess-created defect and replacement of the valve 
with preservation of all viable native root tissues. Al- 
though homograft aortic valve replacement has been 
advised for aortic valve endocarditis [7], there may be 
reluctance to use it in the presence of abscess cavities 
involving the aortic root for fear that geometric distortion 
of the homograft valve may result. Kirklin and colleagues 
[23] recently reported 3 patients with aortic root abscesses 
at and above the level of the annulus; 1 of the 3 patients 
had an additional abscess below the annulus of the right 
cusp. Each of these patients was managed using aortic 
wall of the homograft to cover the abscess cavity. In their 
discussion, Kirklin and colleagues suggest placing the 
entire proximal suture line well below the annular level if 
an extensive subannular abscess cavity exists, as it did in 
our patients 4 and 6 (see Table 1; Fig 1), but none of their 
patients had such abscess cavities. Barratt-Boyes has used 
a pericardial patch to cover a subannular abscess cavity, 
allowing the proximal suture line to be placed at the usual 
level. We believe that appropriate trimming of the ho- 
mograft mitral valve tissue will allow reconstruction of 
nearly all of these subannular defects without need for an 
additional patch. 

This small series represents a preliminary experience 
with the viable cryopreserved aortic homograft in the 
treatment of active aortic valve endocarditis, especially 
with aortic root abscess. We are most impressed with the 
flexibility afforded by the nature of this prosthesis. As 
shown in Fig 1, the homograft is supplied as an aortic root 
preparation with intact anterior leaflet of the mitral valve, 
aortic valve, and ascending aorta, which can be appropri- 
ately trimmed to leave the amount of homograft tissue 
needed to obliterate or cover defects created by the active 
infection. Even a ventricular septal defect adjacent to the 
aortic annulus could be repaired using the attached tissue 
from the anterior leaflet of the mitral valve. 

The technique of homograft valve insertion is well 
described, but in our experience is substantially more 
difficult than mechanical or heterograft valve replace- 
ment, as reflected by our relatively long cross-clamp 
times. This resulted from our inexperience with the tech- 
nique as well as the need for custom fitting the valve to 
the abnormal valve annulus created by active infections. 
With current techniques of myocardial protection, espe- 
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cially in this group of patients without coronary artery 
disease, these cross-clamp times appear to be tolerated 
well. 

We agree with the recommendation of Kirklin and 
Barratt-Boyes [7] that the aortic homograft, because of its 
apparent resistance to early postoperative infection, is the 
valve of choice for aortic valve endocarditis. We conclude 
from our experience that viable cryopreserved aortic ho- 
mograft is an excellent prosthesis for active aortic valve 
endocarditis and annular abscess due to the flexibility it 
gives the surgeon to readily achieve a secure repair 
without placement of a cloth prosthetic sewing ring in an 
infected annulus. 
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INVITED COMMENTARY 


If there is such a thing as the “seat of the soul,” its 
location is in the vicinity of the central fibrous body. 
Anatomically this structure is defined as the point at 
which the membranous septum and the aortic, mitral, 
and tricuspid valves are joined in fibrous continuity. 
Because of the critical character of its anatomical relation- 
ships, enormous potential for harm exists when disease 
attacks this part of the heart. Bacterial endocarditis can be 
particularly devastating in this regard. Complete heart 
block, valvular insufficiency, fistula formation, and loss of 


cardiac substance are all potential problems accompany- 
ing infection in the root of the aorta. Thus, one is 
immediately attracted to any suggestion that there may be 
a better way of dealing with this devastating clinical 
problem. 

Zwischenberger, Shalaby, and Conti have presented a 
series of 6 patients with active aortic valve endocarditis, 2 
of whom had aortic root subvalvar abscess formation, 
treated with cryopreserved allograft valve replacement. 
As a result of this experience, these investigators suggest 
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that such an approach offers definite advantages over 
synthetic valve implantation. Specifically, such grafts are 
believed to be more resistant to infection, and they can be 
custom fitted ‘to the abnormal aortic root. 

Indeed, intuitively one might think that bioprostheses 
in general would be superior to synthetic valves, but this 
has not proved universally true. Whether cryopreserved 
allografts will behave differently is not yet clear. The 
study cited by O’Brien and associates [6] suggests that 
such grafts may offer some protection from infection; 
however, even in this large series, the overall reinfection 
rate was in the range of 1% to 4%. Of the patients 
reported in the present study, 1 of 6 suffered reinfection; 
clearly, no bacteriological panacea has been discovered. 
What is noteworthy is the low incidence or complete lack 


of early reinfection in either study, suggesting that the 


early phase of the bimodal reinfection curve may be 
abolished. However, close scrutiny of the series of 
O’Brien and associates shows that this apparent effect on 
the infection hazard function was independent of the 
preservation technique (ie, allografts cryopreserved at 
—190°C versus fresh allografts stored at 4°C). Therefore, 
caution must be exercised in attributing special bacterio- 
static properties to the cryopreserved tissues. 

Similarly thoughtful consideration is required before 
completely discarding relatively straightforward, time- 
tested techniques in favor of a complex undertaking that 
is not readily accessible to every well-trained cardiotho- 
racic surgeon. Without a doubt, the flexibility afforded by 
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use of the allograft can be advantageous under these and 
other circumstances. Unfortunately, for a variety of rea- 
sons, not the least of which is the donor problem, al- 
lografts are not widely available. Because patients with 
aortic valve endocarditis often are in extremis and require 
urgent operative intervention, they cannot safely be trans- 
ferred to another center with an adequate selection of 
allografts. In addition, the learning curve associated with 
this technique is predictably rather steep. Prolonged 
pump runs and two- to three-hour cross-clamp times are 
not necessarily in the best interest of these sometimes 
desperately ill patients. Thus, this technique so ably 
described by Zwischenberger and co-workers is not easily 
applicable under every circumstance. 

Synthetic valves or stent-mounted bioprostheses con- 
tinue to serve our patients well. Because of their wide- 
spread availability and ease of insertion, they will not and 
should not be quickly abandoned. At the same time, I 
acknowledge that better solutions to this difficult problem 
may exist, and I look to a future in which society will 
alleviate our donor problems and the science of immunol- 
ogy will allow xenogeneic transplantation. Perhaps then 
all will have the benefit of widespread availability of tissue 
valves. 


Benson R. Wilcox, MD 

Division of Cardiothoracic Surgery 

The University of North Carolina at Chapel Hill 
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A new surgical approach for implantation of the auto- 
matic implantable cardioverter defibrillator without tho- 
ractomy was used in 12 patients, aged 46 to 72 years. 
Preimplantation arrhythmia was ventricular tachycardia 
in 7 patients and ventricular fibrillation in 5 patients. The 
mean ejection fraction was 19%. Six patients were at high 
risk for general anesthesia for a variety of medical prob- 
lems, and 2 patients had had a previous cardiac operation. 
Epidural anesthesia was used in 8 patients without intuba- 
tion. The surgical approach used a longitudinal epigastric 
extraperitoneal incision with access to the heart through an 


utomatic implantable cardioverter defibrillators 

(AICDs) are capable of recognizing and terminating 
malignant ventricular tachyarrhythmias [1-3] and have 
been shown to decrease mortality in select groups of 
patients [4, 5]. Initially, the defibrillation pathway con- 
sisted of a percutaneously inserted superior vena caval 
electrode and an epicardial patch implanted by a limited 
subxiphoid approach [6]. When two patch electrodes 
were needed to lower defibrillation thresholds, a median 
sternotomy or thoracotomy was used [7-10]. We review 
our experience with implanting the AICD in 12 patients 
without thoracotomy using a transdiaphragmatic ap- 
proach. 


Material and Methods 


Patient Population and Preoperative Evaluation 


Twelve patients, 11 men and 1 woman aged 46 to 72 years 
(mean age, 62 years), underwent transdiaphragmatic 
AICD implantation between February 1986 and July 1987. 
The underlying cardiac disease was coronary artery dis- 
ease in 10 and dilated cardiomyopathy in 2. All patients 
experienced life-threatening tachyarrhythmias; 7 had sus- 
tained ventricular tachycardia (5.7 + 4.4 [mean + stan- 
dard deviation] events/patient), and 5 had ventricular 
fibrillation (2.2 + 0.8 events/patient). In 10 patients, 
ventricular arrhythmias remained inducible during elec- 
trophysiological studies despite medical trials of at least 
three antiarrhythmic drugs, including amiodarone in 4 
patients. In 2 patients, tachyarrhythmia could not be 
induced during the initial, drug-free state. 
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incision made in the central tendon of the diaphragm. Two 
patches and two epicardial sensing leads were placed in all 
patients. All patients but one could be defibrillated with 20 
J or less. There was no operative mortality and minimal 
morbidity. There were two late deaths due to heart failure. 
Thus, the transdiaphragmatic approach provides an excel- 
lent exposure for automatic implantable cardioverter de- 
fibrillator implantation, avoids general anesthesia and tho- 
racotomy, and can be used after a previous cardiac 
operation. 

(Ann Thorac Surg 1989;48:371-5; 


Eleven patients underwent left heart catheterization 
and coronary angiography. Ejection fraction was assessed 
in all either angiographically or by radionuclide ventricu- 
lography and ranged from 10% to 44% (mean ejectior: 
fraction, 19%). Revascularization was not indicated in the 
10 patients with coronary artery disease. Two patients 
had had previous coronary bypass grafting; 1 of them had 
had previous left ventricular aneurysm resection and 
subsequent repair of a false aneurysm of the ascending 
aorta. One patient had previous myocarditis, and 1 hada 
permanent dual-chamber bipolar pacemaker. Eight pa- 
tients were considered to be at high risk for either general 
anesthesia or thoracotomy, or both, because of various 
problems, including severe pulmonary dysfunction 
(forced expiratory volume in 1 second between 0.5 and 1.0 
L, n = 3), a very low ejection fraction (less than 20%, n = 
4), obesity (n = 3), and cirrhosis and hepatic failure (n = 
1). 


The Implantable System 

Implantable defibrillators (Cardiac Pacemakers, St Paul, 
MN) that require fulfillment of rate criteria and those that 
require rate and morphology criteria (probability density 
function) were used. Two epicardial patch leads were 
placed in all patients. In 8 patients, two large (surface 
area, 27 cm?) patch leads were placed; in 4 patients, a 
large and a small (surface area, 13.5 cm”) patch lead were 
implanted. Two epicardial screw-in electrodes were 
placed for sensing of heart rate in all patients. 


Operative Technique 


While in the operating room, all patients had a thermodi- 
lution pulmonary artery catheter implanted. All patients 
received intravenous prophylactic antistaphylococcal an- 
tibiotic while in the operating room and for 24 hours after 
operation. , 
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Fig 1. Extent of the midline incision, dissection of the diaphragm, 
and incision through the central tendon. 


ANESTHESIA. Premedication consisted of morphine sulfate 
(5 to 10 mg) end diazepam (5 to 10 mg) administered 
intramuscularly. Epidural anesthesia was used in 8 pa- 
tients, using bupivacaine (Marcaine} 0.5% mixed with 
epinephrine to a final concentration of 1:200,000 (total of 
15 to 20 mL delivered). For epidural anesthesia, block up 
to the level of T-2 was desirable and was titrated by 
infusion of additional solution. Diazepam (in 2.5-mg 
boluses) was injected intravenously and nitrous oxide 
(50%) was inhaled before induction of ventricular fibrilla- 
tion. General anesthesia was used in 4 patients and 
consisted of diazepam, fentanyl, enflurane, and nitrous 
oxide 50%; pancuronium was used for muscle relaxation. 


EPIGASTRIC THORACOTOMY. A midline incision was made 
from just above the xiphosternal junction to approxi- 
mately 5 cm above the umbilicus (Fig 1). The linea alba 
was divided, and the preperitoneal plane was exposed. 
The xiphoid was excised, and its diaphragmatic muscle 
insertion was divided. Guided by the cut ends of these 
muscle fibers and using a blunt dissection, we separated 
the caudal surface of the central tendon of the diaphragm 
from the parietal peritoneum for approximately 10 cm 
toward the spine. An anteroposterior incision was made 
through the central tendon and the pericardium, and the 
inferior wall of the heart was exposed. Exposure was 
further facilitated by extending the pericardiotomy in a 
cephalad direction behind the lower end of the sternum 
and by incising the central tendon leftward toward the 
apex of the heart (like a horizontal T). Heavy traction 
sutures were placed at the corners of the pericardiotomy, 
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and a malleable retractor was placed within the pericar- 
dium for gentle caudal displacement of the upper abdom- 
inal organs while the caudal end of the sternum was lifted 
anteriorly by a Richardson retractor (Fig 2). 

Two unipolar screw-in electrodes were inserted approx- 
imately 1 to 2 cm apart on the inferior aspect of the right 
ventricle. In a patient with a permanent transvenous 
pacemaker, the AICD sensing leads were placed distant 
from the pacemaker leads. Two epicardial defibrillating 
patches were slid into the pericardium and oriented to 
place maximal myocardial mass between them. One patch 
was placed on the anterior aspect of the heart, bridging 
over the interventricular groove midway between the 
base of the heart and the apex, and the other patch was 
placed on the inferior-posterior aspect of the left ventricle. 
When a large and a small patch were used, the large one 
was placed over the posterolateral aspect of the left 
ventricle and the smaller one was placed anteriorly over 
the right ventricle. The patch leads were marked near 
their insertion into the AICD to enable their identification 
at future replacement of the generator. After completion 
of intraoperative testing, each defibrillating electrode was 
secured with two sutures, one placed at the patch-lead 
junction and one at the corner of the patch. The anterior 
lead was tacked to the epicardium with 3-0 Prolene 
(Ethicon) pledgeted sutures, and the inferoposterior lead 
was secured to the pericardium (Fig 3). The sensing and 
defibrillating leads were then attached to the AICD 
generator, which was implanted into a left abdominal 
paramedian prefascial pouch, before final testing. The 
diaphragm was reapproximated with interrupted 2-0 Eth- 
ibond suture (Fig 4), and the abdominal wound was 
closed in layers. 


Testing of the Automatic Implantable Cardioverter 
Defibrillator 


Intraoperative testing was performed. The R wave ampli- 
tudes of the epicardial sensing and the defibrillating leads 
were measured during sinus rhythm according to the 
manufacturer's recommendations. Leads were reposi- 
tioned if R wave amplitude was less than 5 mV. The 
defibrillating leads were then connected to the external 
cardioverter defibrillator. Ventricular fibrillation was in- 
duced by 60-cps direct current through the epicardial 
sensing leads. Defibrillating countershocks were deliv- 
ered by the patch electrodes through the external cardio- 
verter defibrillator. Ability to defibrillate with an energy of 
20 J or less was considered an acceptable margin of safety. 
All four leads were then connected to the AICD, and 
ventricular fibrillation was again induced and was auto- 
matically terminated by the AICD at the discharge energy 
(25 to 32 J) preset by the manufacturer. A standard 
external defibrillator with sterile internal paddles was 
always available on the operating field to back up the 
external cardioverter defibrillator or the AICD. Before 
each patient was discharged from the hospital, the ability 
of the AICD system to defibrillate the patient was tested. 


Results 


In all patients, two epicardial leads and two defibrillator 
patches were attached to the heart and, when necessary, 
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Heart 





repositioned, through the diaphragmatic incision. There 
were no operative deaths and no perioperative myocar- 
dial infarctions. In the 2 patients who had undergone a 
previous heart operation and in the 1 patient with myo- 
carditis, the adhesions covering the inferior, posterior, 
and lateral aspects of the heart could be divided by mostly 
blunt dissection, with some sharp dissection. No patient 
required blood transfusion and none required reexplora- 
tion for bleeding. 
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Fig 2. Inferior aspect of the heart ex- 
posed through the diaphragm. 





In 8 patients, epidural anesthesia was successfully 
applied without adverse effects. These patients were 
comfortable throughout the procedure. Postoperative 
pain was controlled by a single dose of morphine sulfate 
(2 to 6 mg) injected intravenously, followed by oral 
acetominophen plus codeine (30 mg) for 24 to 48 hours. 
Five of the 8 patients receiving epidural anesthesia were 
fed and ambulating several hours after operation. Three 
patients were intubated after returning to the intensive 


Fig 3. Two epicardial patch leads 
(large arrowheads) and two unipo- 
lar screw-in leads (small 
arrowheads) were placed. 
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Fig 4. Diaphragmatic incision after 
repair. (AICD = automatic implant- 
able cardioverter defibrillator.) 





care unit, 1 as a result of congestive heart failure and 2 for 
treatment of severe bronchospasm. 

At intraoperative testing, mean bipolar R wave on the 
bipolar leads was 10.7 mV (range, 6 to 18 mV) and on the 
patch leads, 11.5 mV (range, 6 to 20 mV). Successful 
defibrillation was accomplished in 5 patients with 15 J and 
in 5 others with 20 J. One patient required 30 J for 
defibrillation (described later in this section). In 1 patient, 
AICD implantation was aborted due to incessant ventric- 
ular tachycardia. 

There were two intraoperative complications, neither of 
which was related to the surgical technique. A possibly 
malfunctioning unit was removed and replaced the next 
day under local anesthesia after it recharged and dis- 
charged without obvious reason. In 1 patient, an induced 
ventricular tachycardia was incessant despite multiple 
attempted cardioversions. Multiple antiarrhythmic agents 
were tried without success. Amiodarone administered 
intravenously (1.0 g over 10 min) caused conversion to 
sinus rhythm. All patches and leads were removed to 
avoid question of mechanical factors contributing to the 
tachycardia. The patient was maintained on amiodarone 
and had an uneventful recovery. 

Two patients required reoperation, but only one reop- 
eration required entry into the chest. In the first patient, 
a probability density function device had to be changed 
to a rate-sensing device as it was shown not to sense 
all ventricular tachycardia morphologies. Furthermore, 
change in polarity of the patches from left ventricular 
patch as anode and right ventricular patch as cathode to 
the opposite caused the energy required for cardioversion 
of fibrillation to be reduced from 30 to 20 J. In the second 
patient, chest roentgenograms and cardiac fluoroscopy 
revealed dislodgement of one of the patches after unsuc- 
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Leads connected to AICD 
placed in pocket 


cessful predischarge testing. At reoperation, the 5-0 
Prolene suture that held the patch to the pericardium 
pulled through. The patch was replaced by a large patch, 
repositioned, and tacked down as described. Subse- 
quently, the defibrillating threshold was acceptable. 

In 2 patients a large fluid collection developed in the 
pulse generator pocket, without signs of local inflamma- 
tion, along with pericardial effusion and ankle edema. 
The AICD failed to terminate ventricular fibrillation at 
predischarge testing in 1 of these patients. When both 
patients were treated with diuretic agents and steroids for 
1 week, the pocket seroma and pericardial effusion re- 
solved. Retesting after resolution of the pericardial effu- 
sion showed successful defibrillation. All other units were 
functioning well at predischarge testing. 

Follow-up was available in all patients, and ranged 
between 2 and 18 months (mean follow-up, 8.3 months). 
Ten patients are alive and well; 2 died of heart failure at 2 
and 10 months, respectively. In no patient was lead 
dislodgement or change in position noted on chest radio- 
grams. None had skin erosion or infection. Six units 
discharged between 1 and 10 times, for a total of 18 
discharges. 


Comment 


The AICD was developed for treatment of patients at high 
risk of sudden death due to ventricular tachyarrhythmia 
{1]. Early clinical evaluations have shown that the device 
is capable of recognizing malignant ventricular tachyar- 
rhythmia and promptly charging and delivering an elec- 
trical discharge to restore normal rhythm (2, 3]. Life-table 
analysis based on data accumulated since the inception of 
clinical application of the device in 1980 demonstrated 
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that the AICD significantly reduced the risk of arrhythmic 
death in patients with refractory ventricular tachyarrhyth- 
mias [4, 5]. 

A few surgical techniques have been used for implan- 
tation of the device. Median sternotomy has been the 
preferred method when defibrillator implantation is com- 
bined with other cardiac procedures [7]. Because of the 
excellent exposure of the heart with this approach, it has 
also been preferred for isolated defibrillator implantation 
[8, 10]. For patients who have had previous cardiac 
surgical procedures, the left anterior thoracotomy has 
been used with extrapericardial placement of the patch, to 
avoid dissection of scar tissue and adhesions associated 
with median sternotomy [6]. However, both these ap- 
proaches may be associated with substantial morbidity 
and complications that may follow major thoracic proce- 
dures. The subxiphoid technique [6], in which a small 
skin incision and a window in the anterior aspect of the 
pericardium above the diaphragmatic reflection are used, 
was introduced as a method with low morbidity by which 
one or two patches can be placed [11]. However, this 
method provides a limited exposure, which may affect the 
risk of the procedure. 

Like Lawrie and associates [9], we sought a technique 
that would provide good exposure with minimal morbid- 
ity. The transdiaphragmatic approach is technically sim- 
ple and safe and is associated with minimal morbidity. It 
provides ample exposure for implantation of two large 
patches that can be repositioned as deemed necessary. A 
previous cardiac operation did not create any appreciable 
difficulties, probably because the heart was approached 
from an area usually covered by soft and easily dissectable 
adhesions. This approach is applicable to very sick pa- 
tients with poor left ventricular function and severe pul- 
monary dysfunction. With epidural block, the patients 
remain awake throughout the operation and need not be 
intubated; such block can also reduce the hormonal and 
metabolic stress associated with general anesthesia [12]. 
Because thoracotomy is avoided, postoperative pain is 
easily controlled and the risk of pulmonary complications 
is reduced. We found this approach to be somewhat more 
difficult only in patients with hypermorphic body struc- 
ture, in whom the chest is narrow and the diaphragm is 
higher than the lower edge of the rib cage. 

Postoperative intubation was related only to baseline 
pulmonary or left ventricular dysfunction. Intubations 
lasted less than 24 hours while underlying problems were 
treated. We believe that pulmonary morbidity would have 
been prohibitive if we had performed thoracotomy in 
these patients. 

The few complications in this group illustrate the im- 
portance of securing each patch in at least two different 
points to prevent migration or rotation, and show that 
pericardial fluid cannot affect the energy needed for 
defibrillation. Pericardial fluid has been reported to lower 
the electrical impedance between the patches, thus requir- 
ing more energy to defibrillate patients [13]. As a pocket 
seroma can often be expected [4, 14], it is advisable to 
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consider testing of the device or treatment of the fluid 
collection when a large fluid collection is observed. 

Our experience with the transdiaphragmatic technique 
for implantation of AICD in 12 patients has been encour- 
aging. This approach provides good exposure, can avoid 
general anesthesia and thoracotomy, and is associated 
with minimal morbidity. The operation is well tolerated 
by very sick patients. We consider it our primary ap- 
proach for isolated AICD implantation. 





We gratefully acknowledge Elizabeth Worthington for her skillful 
artwork, and Woo Park, MD, for his description of the anesthe- 
sia. 
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Longevity of Expanded Polytetrafluoroethylene 


Grafts for Superior Vena Cava 
H. Masuda, MD, T. Ogata, MD, K. Kikuchi, MD, and S. Tanaka, MD 


Second Department of Surgery, National Defense Medical College, Saitama, Japan 


We previously reported that the expanded polytetrafluo- 
roethylene (ePTFE) graft for superior vena cava (SVC) 
substitution presents the problems of flexion and kink- 
ing when the graft is long. We therefore replaced the 
SVC of dogs with two types of prosthetic substitutes, 
ePTFE (Gore-Tex) and spiral-supported ePTFE (Im/ 
praflex), and evaluated the long-term patency of the 
prosthetic substitutes. Total replacement of the SVC was 
performed in 9 adult mongrel dogs. The substitutes were 


ePTFE and spiral-supported ePTFE in 5 and 4 dogs, 


respectively. The animals were killed about 3 years after 
replacement of the SVC, and the harvested specimens 
were histologically examined by light microscopy and 
scanning electron microscopy. Evaluation of ePTFE re- 
vealed late occlusion in 1 of 5 dogs. The spiral-supported 
ePTFE showed patency in all dogs. In the group with 
ePTFE grafts, light microscopic examination revealed 


F our institution, we performed total replacement of the 
superior vena cava (SVC) using an expanded polytet- 
rafluoroethylene (ePTFE) graft in a patient with malignant 
mediastinal tumor and the substitute shows patency at 
more than 7 years after the operation [1]. This case 
suggests that ePTFE substitutes for the SVC have suffi- 
cient potential quality. However, the ePTFE graft showed 
kinking in this patient, requiring investigation of materi- 


Table 1. Long-Term Patency of Grafts 


Graft Observation 
Material Period (mo) Patency 
Gore-Tex 
ya 30 = 
24 33 + 
34 34 + 
44 34 + 
5a 41 + 
Impraflex 
r . 36 + 
2 36 $ 
3 36 + 
4° 39 (continuing) + 





a Neointimal growth and granulation were examined by light microscope. 
showed patency of the graft. © Not examined. 
alive for examination after a further 5-year period. 
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d Endothelial irregularity as examined by scanning electron microscope. 
gu y g P 


abnormalities of endothelial cells, granulation, and ne- 
crosis. There was no hyperplasia of the subendothelial 
connective tissue near the center. In the animals with 
spiral-supported ePTFE grafts, the subendothelial con- 
nective tissue showed favorable growth even in the 
center of the reconstructed site. There was no granulation 
in the spiral-supported ePTFE group. Scanning electron 
microscopic examination in the ePTFE group showed 
that endothelial cells were spindle-shaped and had an 
irregular surface. The spiral-supported ePTFE group 
showed an almost regular form of endothelial cells and 
no abnormalities except for the slightly spindled shape 
in the center. Therefore, we recommend that spiral- 
supported ePTFE should be used as an SVC substitute in 
clinical situations. 


(Ann Thorac Surg 1989;48:376-80) 


als for ePTFE that have some supporting ability. Actually, 
some types of ePTFE had been used clinically, but lon- 
gevity of the ePTFE substitutes for SVC had not been 
reported. We therefore replaced the SVC in dogs with two 
types of prosthetic substitute, ePTFE (Gore-Tex) and 
spiral-supported ePTFE (Impraflex), and evaluated the 
long-term patency of the prosthetic substitutes more than 
3 years after the operation. 


Neointimal Endothelial 
Granulation Growth Irregularity 
+ eae Bens 
- + + 
+ + +++ 
+ + + 
+ + ++ 
TA + - 
_ + _— 
_ + x= 


c c c 





> The late obstruction case; the cavogram performed 1 year after operation 


° This dog is being kept 
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Fig 2. The group with spiral-supported expanded polytetrafluoroeth- 
ylene grafts showed good hyperplasia of the subendothelial connective 
tissue even in the center of the reconstructed site, and only a slight 
difference in the degree of hyperplasia between the vicinity of the site 
of anastomosis and the center. No granulation was observed. (A) Site 
of anastomosis; (B) center of reconstructed site. 
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Fig 1. Whitish granulation tissue 
was present in the vicinity of the site 
of anastomosis and the center of the 
reconstructed site after replacement of 
the superior vena cava with an ex- 
panded polytetrafluoroethylene graft. 
Staining for fibrin revealed that the 
mass of fibrin in the center of the re- 
constructed site was surrounded by 
collagen fibers showing hyperplasia. 


Material and Methods 


Total replacement of the SVC was performed in 9 adult 
mongrel dogs weighing 11 to 15 kg. The substitutes were 
ePTFE and spiral-supported ePTFE in 5 and 4 dogs, 
respectively. Each substitute was 3 cm in length, because 
the length of the SVC in this experimental series was 
short, and had an internal diameter of 10 mm. Recon- 
struction was performed by a continuous suturing proce- 
dure with two-point stay using 5-0 Prolene sutures in 
accordance with the clinical experience in our institute. 
These animals did not receive any anticoagulation ther- 
apy. They were killed about 3 years after replacement of 
the SVC, and the harvested specimens were histologically 
examined by light and scanning electron microscopy. All 
animals received humane care in compliance with the 
“Guide for the Care and Use of Laboratory Animals” 
published by the National Institutes of Health (NIH 
publication No. 85-23, revised 1985). 


Results 


Patency 


Evaluation of the ePTFE grafts 30 to 41 months (mean, 
34.4 months) after the operation revealed occlusion in 1 of 
the 5 dogs. In this dog, patency of the ePTFE, without 
kinking, was shown by angiography 1 year after recon- 
struction, but late occlusion due to granulation at the 
anastomosed site was evident. The spiral-supported 
ePTFE showed favorable patency in 3 dogs 36 months 
after operation, and the remaining dog is being kept alive 
for examination after a further 5-year period (Table 1). 


Light Microscopic Findings 

In the group with ePTFE grafts, whitish granulation tissue 
was observed in the immediate vicinity of the anasto- 
mosed site and in the center of the reconstructed site. 
Histological examination revealed abnormalities of endo- 
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10m 


x 500 


Fig 3. Scanning electron microscopic findings in the group with ex- 
panded polytetrafluoroethylene grafts showed deformation (spindle 
shape) of endothelial cells, with no sharp demarcation of the cells and 
an irregular surface. (*300 before 30% reduction.) 





thelial cells, precipitation of fibrin, granulation, and ne- 
crosig accompanying cellular infiltration (Fig 1). The oc- 
clusion observed in 1 animal was caused by late 
granulation at the anastomosed site. There was no hyper- 
plasia of the subendothelial connective tissue near the 
center of the reconstructed site, and endothelial cells 
arranged in a layer were present just above the ePTFE. 

In the animals with spiral-supported ePTFE grafts, on 
the other hand, the subendothelial connective tissue 
showed favorable growth even in the center of the recon- 
structed site, with a slight difference in the degree of 
growth between the center and the vicinity of the anasto- 
mosed site. There was no granulation in the spiral- 
supported ePTFE group (Fig 2). 


Electron Microscopic Findings 

In the ePTFE group, endothelial cells were spindle- 
shaped, unlike the original rhombic-shaped cells, even in 
the vicinity of the anastomosed site where the pseudointi- 
ma showed good development, and the cells showed no 
sharp demarcation, with separation and irregular surface 
features (Fig 3). The spiral-supported ePTFE group 
showed an almost regular form of endothelial cells and no 
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abnormalities except for the slightly spindle-shaped cells 
in the center of the reconstructed site (Fig 4). 


Comment 


There have been few reports on reconstruction of the SVC 
for malignant tumors of the mediastinum and lung [2-4], 
and careful consideration still argues against the proce- 
dure, particularly that of total replacement associated 
with tumor resection. In our institution, however, total 
replacement of the SVC was performed for invasive 
thymoma, and we have confirmed the patency of the 
reconstructed site 7 years after operation [1]. According to 
Dartevelle and colleagues [5], who reported 13 cases of 
replacement for malignant tumors of the mediastinum 
and lung, 27% of patients achieved 3-year survival. If the 
indication is strictly limited, the therapeutic effect of SVC 
reconstruction will improve. 

Autologous veins [6-8], pericardium [9, 10], and ePTFE 
{11-15] have been used clinically as SVC substitutes, and 
ePTFE has been used in many recently reported trials [1, 


le . 
Fig 4. There were no abnormal electron microscopic findings in the 
group with spiral-supported expanded polytetrafluoroethylene grafts 
except for slightly spindle-shaped endothelial cells in the center of the 
reconstructed site. (500 before 29% reduction.) 
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5] with good results. However, as we have already 
reported, ePTFE presents the problems of flexion and 
kinking when the area of reconstruction is long (Fig 5). 
The type of ePTFE to be used clinically must be investi- 
gated over a long term. The most important observation 
in the present study comparing spiral-supported ePTFE 
with ePTFE was the late occlusion of the nonsupported 
ePTFE graft, which was not due to kinking but to exces- 
sive granulation at the site of anastomosis. The condition 
was considered to have been caused by uneven hyperpla- 
sia of the subendothelial connective tissue. In contrast, 
the spiral-supported ePTFE graft induced even growth of 
the subendothelial connective tissue at the site of anasto- 
mosis and in the center of the reconstructed site, showing 
no excessive granulation. 

Fiore and co-workers [14], studying short-term patency 
of spiral-supported ePTFE grafts, obtained no difference 
in the patency rate of the SVC. There was, however, a 
difference in the patency of the inferior vena cava (for 
which reconstruction yielded poor results), with the pa- 
tency rate with Impraflex being better than that with 
Gore-Tex. According to Dartevelle and colleagues [5], 
who investigated the usefulness of ePTFE for reconstruc- 
tion of the SVC (the synthetics used in practice are 
considered to have some supporting ability), the rate of 
patency was 92% 1 year after the operation, possibly 
indicating that the synthetics they used in practice yielded 
no problem for short-term patency and can be expected to 
be effective in reconstructive use. However, reports on 
long-term patency also indicate that to prevent late gran- 
ulation, use of ePTFE of smaller pore size as an SVC 
replacement is desirable; conventional ePTFE has a rela- 
tively large pore size (30 zm). Gore-Tex is a reinforced 
type with an inner layer of 20-4m pore size and an outer 
layer of very small pore size (10 zm). On the other hand, 
Imprafiex has a one-piece structure of about 20-um pore 
size. These factors are the main reason for the differences 
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Fig 5. Preoperative cavegram and 
cavogram performed 5 years after op- 
eration. Reconstructed graft (expand- 
ed polytetrafluoroethylene grafts) 
showed strong kinking. Functional 
patency was tolerable, but the long- 
term patency of the antikinking sub- 
stitute for superior vena cava must be 
determined. 


in these experimental data. In addition, when the area of 
reconstruction was long, blood circulatory disorders oc- 
curred due to flexion of the ePTFE [1]. Therefore, use of 
spiral-supported ePTFE (Impraflex) appears desirable. 
Adequate observation is also necessary to ascertain long- 
term patency [16]. 

In conclusion, long-term patency 3 years after recon- 
struction of the SVC with ePTFE and spiral-supported 
ePTFE was studied in dogs; late occlusion due to granu- 
lomatous stenosis at the anastomosed site was observed 
when reconstruction was performed with ePTFE. Only 1 
of 9 dogs had late graft occlusion, which is a high patency 
rate at 3 years. 
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Notice From the American Board of Thoracic Surgery 


The patt 1 (written) examination will be held at the Hyatt- 
Regency, Dallas Fort Worth Airport, Dallas TX, on February 


3, 


1991. The closing date for registration is August 1, 1990. 
To be admissible for the part II (oral) examination, a 


candidate must have successfully completed the part I 
(written) examination. 


A candidate applying for admission to the certifying 


examination must fulfill all the requirements of the board 


in 


force at the time the application is received. 
Please addréss all communications to the American 


Board of Thoracic Surgery, One Rotary Center, Suite 803, 
Evanston, IL 60201. 
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BLENOXANE” 
(Sterile Bleomycin Sulfate, USP) 


This is the full text of the latest Official Package Circular dated October 
1987 (P4188). 


It is recommended that Blenoxane be administered under the 
supervision of a qualified physician experienced in the use of 
cancer chemotherapeutic agents. Appropriate management of 
therapy and complications is possible only when adequate diag- 
nostic and treatment facilities are readily available. 
Pulmonary fibrosis is the most severe toxicity associated with 
Blenoxane. The most frequent presentation is pneumonitis 
Occasionally progressing to pulmonary fibrosis. Its occurrence 
is higher in elderly patients and in those receiving greater than 
400 units total dose, but pulmonary toxicity has been observed 
in young patients and those treated with low doses. 
severe idiosyncratic reaction comann of hypotension, 
mental confusion, fever, chills, and wheezing has been reported 


in approximately 1% of lymphoma patients treated with 
Blenoxane. 


DESCRIPTION 
Blenoxane (sterile bleomycin sulfate, U.S.P.) is a mixture of cytotoxic 
glycopeptide antibiotics isolated from a strain of Streptomyces ver- 
ticillus. It is freely soluble in water. 

Note: A unit of bleomycin is equal to the formerly used milligram 
activity. The term milligram activity is a misnomer and was changed 
to units to be more precise. 


ACTION 

Although the exact mechanism of action of Blenoxane is unknown, 
available evidence would seem to indicate that the main mode of 
action is the inhibition of DNA synthesis with some evidence of lesser 
inhibition of RNA and protein synthesis. 

In mice, high concentrations of Blenoxane are found in the skin, 
lungs, kidneys, peritoneum, and lymphatics. Tumor cells of the skin 
and lungs have been found to have high concentrations of Blenoxane 
in contrast to the low concentrations found in hematopoietic tissue. 
The low concentrations of Blenoxane found in bone marrow may 
be related to high levels of Blenoxane degradative enzymes found 
in that tissue. 

In patients with a creatinine clearance of > 35 mL per minute, the 
serum or plasma terminal elimination half-life of bleomycin is approx- 
imately 115 minutes. In patients with a creatinine clearance of 
< 35 mL per minute, the plasma or serum terminal elimination half- 
life increases exponentially as the creatinine clearance decreases. In 
humans, 60 to 70% of an administered dose is recovered in the urine 
as active bleomycin. 


INDICATIONS 
Blenoxane should be considered a palliative treatment. It has been 
shown to be useful in the management of the following neoplasms 
either as a single agent or in proven combinations with other 
approved chemotherapeutic agents: 
uamous Cell Carcinoma—Head and neck (including mouth, 

tongue, tonsil, nasopharynx, oropharynx, sinus, palate, lip, buccal 
Mucosa, gingiva, epiglottis, larynx), skin, penis, cervix, and vulva. 
The response to Blenoxane is poorer in patients with head and neck 
cancer previously irradiated. 

Lymphomas — Hodgkin's, reticulum cell sarcoma, lymphosarcoma. 

Testicular Carcinoma—Embryonal cell, choriocarcinoma, 
and teratocarcinoma. 


CONTRAINDICATIONS > 
Blenoxane is contraindicated in patients who have demonstrated a 
hypersensitive or an idiosyncratic reaction to it. 


WARNINGS 
Patients receiving Blenoxane must be observed carefully and fre- 
quently during and after therapy. It should be used with extreme cau- 
tion in patients with significant impairment of renal function or 
compromised pulmonary function. f f 

Pulmonary toxicities occur in 10% of treated patients. In approxi- 
mately 1%, the nonspecific pneumonitis induced by Blenoxane 
progresses to pulmonary fibrosis, and death. Although this is age 
and dose related, the toxicity is unpredictable. Frequent roentgeno- 
grams are recommended. 1 

Idiosyncratic reactions similar to anaphylaxis have been reported 
in 1% of lymphoma patients treated with Blenoxane. Since these 
usually occur after the first or second dose, careful monitoring is 
essential after these doses. 


Renal or hepatic toxicity, beginning as a deterioration in renal or 
liver function tests, have been reported infrequently. These toxicities 
7 occur, however, at any time after initiation of therapy. 

sage in Pregnancy: Safe use of Blenoxane in pregnant women 
has not been established. 


ADVERSE REACTIONS 

Pulmonary—This is potentially the most serious side effect, occur- 
fing in approximately 10% of treated patients. The most frequent 
presentation is pneumonitis occasionally progressing to pulmonary 
fibrosis. Approximately 1% of patients treated have died of pulmo- 
nary fibrosis. Pulmonary toxicity is both dose and age related, being 
more common in patients over 70 years of age and in those receiving 
over 400 units total dose. This toxicity, however, is unpredictable and 
has been seen occasionally in young patients receiving low doses. 

Because of lack of specificity of the clinical syndrome, the identifi- 
Cation of patients with pulmonary toxicity due to Blenoxane has been 
extremely difficult. The earliest symptom associated with Blenoxane 
pulmonary toxicity is dyspnea. fhe earliest sign is fine rales. 

Radiographically, Blenoxane-induced pneumonitis produces non- 
specific patchy opacities, usually of the lower lung fields. The most 
common changes in pulmonary function tests are a decrease in total 
lung volume and a decrease in vital capacity. However, these changes 
are not predictive of the development of pulmonary fibrosis. 

The microscopic tissue changes due to Blenoxane toxicity include 
bronchiolar squamous metaplasia, reactive macrophages, atypical 
alveolar epithelial cells, fibrinous edema, and interstitial fibrosis. The 
acute stage may involve capillary changes and subsequent fibrinous 
exudation into alveoli producing a change similar to hyaline mem- 
brane formation and progressing to a diffuse interstitial fibrosis 
resembling the Hamman-Rich syndrome. These microscopic find- 
ings are nonspecific, e.g., similar changes are seen in radiation 
pneumonitis, pneumocystic pneumonitis. 

To monitor the onset of pulmonary toxicity, roentgenograms of the 
chest should be taken every 1 to 2 weeks. If pulmonary changes are 
noted, treatment should be discontinued until it can be determined 
if they are drug related. Recent studies have suggested that sequen- 
tial measurement of the pulmonary diffusion capacity for carbon 
monoxide (DLço) during treatment with Blenoxane may be an indica- 
tor of subclinical pulmonary toxicity. It is recommended that the 
DLco be monitored monthly if it is to be employed to detect pulmo- 
nary toxicities, and thus the drug should be discontinued when the 
DL co falls below 30 to 35% of the pretreatment value. 

Because of bleomycin's sensitization of lung tissue, patients who 
have received bleomycin are at greater risk of developing pulmonary 
toxicity when oxygen is administered in surgery. While long exposure 
to very high oxygen concentrations is a known cause of lung dam- 
age, after bleomycin administration, lung damage can occur at lower 
concentrations than usually would be considered safe. Suggested 
Preventive measures are: 

(1) Maintain FI O, at concentrations approximating that of room 

air (25%) during surgery and the postoperative period. 

(2) Monitor carefully fluid replacement, focusing more on col- 

loid administration rather than crystalloid. 

Sudden onset of an acute chest pain syndrome suggestive of 
pleuropericarditis has been rarely reported during Blenoxane infu- 
sions. Although each patient must be individually evaluated, further 
courses of Blenoxane do not appear to be contraindicated. 

Idiosyncratic Reactions—|n approximately 1% of the lymphoma 
patients treated with Blenoxane, an idiosyncratic reaction, similar to 
anaphylaxis clinically, has been reported. The reaction may be 
immediate or delayed for several hours, and usually occurs after the 
first or second dose. It consists of hypotension, mental confusion, 
fever, chills, and wheezing. Treatment is symptomatic including vol- 
ume expansion, pressor agents, antihistamines, and corticosteroids. 

Integument and Mucous Membranes—These are the most fre- 
quent side effects being reported in approximately 50% of treated 
patients. These consist of erythema, rash, striae, vesiculation, 
hyperpigmentation, and tenderness of the skin. Hyperkeratosis, nail 
changes, alopecia, pruritus, and stomatitis have also been reported. 
It was necessary to discontinue Blenoxane therapy in 2% of treated 
patients because of these toxicities. 

Skin toxicity is a relatively late manifestation usually developing in 
the 2nd and 3rd week of treatment after 150 to 200 units of 
Blenoxane have been administered and appears to be related to the 
cumulative dose. 

Other—Vascular toxicities coincident with the use of Blenoxane in 
combination with other antineoplastic agents have been reported 
rarely. The events are clinically heterogeneous and may include 
myocardial infarction, cerebrovascular accident, thrombotic 
microangiopathy (HUS) or cerebral arteritis. Various mechanisms 
have been peo for these vascular complications. There are also 
reports of Raynaud's phenomenon occurring in patients treated with 
Blenoxane in combination with vinblastine with or without cisplatin 
or, in a few cases, with Blenoxane as a single agent. It is currently 
unknown if the cause of Raynaud's phenomenon in these cases is the 
disease, underlying vascular compromise, Blenoxane, vinblastine, 
hypomagnesemia, or a combination of any of these factors. 
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ONCOLOGY PRODUCTS 


ANA A Bristol Myers Company 
YAY Evansville, Indiana 47721 


Fever, chills, and vomiting were frequently reported side effects. 
Anorexia and weight loss are common and may persist long after ter- 
mination of this medication. Pain at tumor site, phlebitis, and other 
local reactions were reported infrequently. 


DOSAGE 
Because of the possibility of an anaphylactold reaction, lymphoma 

Jonis AeA hard ye e TE aens 

no aci jon occurs, then the regu e schedule may 
be followed. 

The following dose schedule is recommended: Squamous cell car- 
cinoma, lymphosarcoma, reticulum cell sarcoma, testicular 
carcinoma—0.25 to 0.50 units/kg (10 to 20 units/m2) given 
ees. intramuscularly, or subcutaneously weekly or twice 
weekly. 

Hodgkin's Disease — 0.25 to 0.50 units/kg (10 to 20 units/m?) given 
intravenously, intramuscularly, or subcutaneously weekly or twice 
weekly. After a 50% response, a maintenance dose of 1 unit 
pomp or 5 units weekly intravenously or intramuscularly should 

e given. 

Pulmonary toxicity of Blenoxane appears to be dose related with 
a striking increase when the total dose is over 400 units. Total doses 
over units should be given with great caution. 

Note: When Blenoxane is used in combination with other 
antineoplastic agents, pulmonary toxicities may occur at lower 


Improvement ot Hodgkin's Disease and testicular tumors is prompt 
and noted within two weeks. If no improvement is seen by this time, 
improvement is unlikely. Squamous cell cancers respond more 
slowly, sometimes requiring as long as three weeks before any 
improvement is noted. 


ADMINISTRATION 
Blenoxane may be given by the intramuscular, intravenous, or sub- 
cutaneous routes. 

Intramuscular or Subcutaneous—Dissolve the contents of a 
Blenoxane vial in 1 to 5 mL of Sterile Water for Injection, U.S.P., 
Sodium Chloride for Injection, U.S.P., 5% Dextrose Injection, U.S.P., 
or Bacteriostatic Water for Injection, U.S.P. 

intravenous — Dissolve the contents of the vial in 5 mL or more of 
a solution suitable for injection, e.g., physiologic saline or glucose, 
and administer slowly over a period of ten minutes. 


STABILITY 
The sterile powder is stable under refrigeration (2°-8°C) and should 
not be used after the expiration date is reached. 

Blenoxane is stable for 24 hours at room temperature in Sodium 
Chloride or 5% Dextrose Solution. 

Blenoxane is stable for 24 hours in 5% Dextrose containing heparin 
100 units per mL or 1000 units per mL. 

Procedures for proper handling and disposal of anticancer drugs 
should be considered. Several guidelines on this subject have been 
published.'7 There is no general agreement that all of the proce- 
dures recommended in the guidelines are necessary or appropriate. 
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SUPPLY l : 
Te vial contains 15 units of Blenoxane as sterile bleomycin sulfate, 
U. 


.S.P. 
NDC 0015-3010-20 


Manufactured by Nippon Kayaku Co., Ltd. 
Tokyo, Japan 


U.S. Patent No. 3,681,491 
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The Denver : Pleuro-Peritoneal Shunt 
solves an old problem in the treatment 
of intractable aseptic pleural effusions. 


It drains excess pleural fluid into the 
peritoneal cavity. providing an effective 
alternative to traditional therapies that 
are not always satisfactory. such as 
thoracentesis and sclerotherapy. 


Features include a flexible pump for 
patient management of flow. a self- 
cleaning valve. and an X-ray detectable 
stripe along the full length of the tube 


For Control 
of Chronic 
Pleural 
Effusions 


This unique product should be consid- 
ered for use in patients where prompt 
and lasting palliation is desired without 
loss of fluids or nutrients. 


Ask your Codman representative to 
present the Denver Pleuro-Peritoneal 
Shunt. There's nothing else like it. Call 
toll free: 800-826-3626 (in Mass.. 617- 
961-2300 Ext. 386). Codman & Shurtleff. 
Inc., Randolph. MA 02368. 


Codman 


CODMAN & SHURTLEFF, INC 


a ohm on aloh won compan 
L 
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Put Your Dinosaur 
Out To Pasture | 


we 


Gio 


@ If your present method for hemostasis management cannot meet the 


challenges of today’s cardiovascular surgery, it may be time to put your 
“dinosaur” out to pasture. 


The Automated Coagulation Timer by HemoTec is a convenient, | 
easy-to-use, more effective method for hemostasis management. It offers \ | 
valuable information on the patient's hemostasis drug therapy and provides À 
accurate, immediate blood coagulation results at bedside. 

The Automated Coagulation Timer by HemoTec... putting dinosaurs in hemostasis 
management out to pasture. 


HemoTec, Inc. 
Dawn of Hemostasis Management 


Corporate 7103 S. Revere Parkway, Englewood, CO 80112-3992 e 303/790-7900, 800/525-7007 
International Prof. Zeemanstraat6, 6164 BJ GELEEN, The Netherlands Ħ Telephone: 31-4490-54141 


Please stop by booth number 500 during STS Meeting 





AN OPEN AND ) CLOSED CASE FOR 
REOPERATIVE RELIABILITY 


Epicardial/mediastinal 
adhesions are a critical 
reoperative challenge, at 
times posing serious 
inherent problems. Both 
because of the crucial 
dissection time involved 
and the reported in- 
creased risks of cardiac 
damage and catastrophic 
hemorrhage, these 
adhesions can significantly 
affect reoperative results. 
Since 1976, the GORE- 
TEX Surgical Membrane 
has been the only 
pericardial substitute to 
consistently facilitate 
cardiac reoperation with- 
out increased adhesions 
or epicardial scarring. 
Opaque when implanted, 
it is translucent at reoper- 
ation. The result is a 
safe, dependable plane of 
dissection, which facili- 
tates reoperative efficiency, 
while limiting the pos- 
sibility of cardiac damage 
or hemorrhage. 


® GORE-TEX is a registered trademark of WL. Gore 
& Associates 
© 1989 W.L. Gore & Associates, Inc 


The GORE-TEX Surgical Membrane was removed after ten months implant 


duration, following a scheduled pediatric reoperation for total correction 


of tetralogy of Fallot. No epicardial reaction was noted and an effective plane 


of dissection was provided. Photo courtesy of S. Subramanian, M.D. 


The GORE-TEX Surgical Membrane was removed after two months implant 
duration, following a scheduled pediatric reoperation. Previously, a shunt 
between the aorta and the central pulmonary artery was performed. The coro- 
nary vasculature is visible and there is a lack of adherent tissue. Photo courtesy 

of H. Lindberg, M.D. 


~ 





[ Please send further information on the GORE-TEX® Surgical 


Membrane. 


(Please arrange for a free clinical sample. 


[ Please have your sales representative call for an appointment. 


Name 


Address 


Cly a Str 


Surgical Specialty 
Hospital Affiliation 


W.L. Gore & Associates, Inc. 
P.O. Box 1220, Route 213 North 
Elkton, MD 21921 
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CREATIVE 
TECHNOLOGIES 
WORLDWIDE 











This unique configura- 
tion of GORE-TEX® e-PTFE 
limits cellular penetration 
and greatly reduces adhe- 
sions to surrounding 
tissue structures. Problems 
caused by epicardial 
mediastinal adhesions 
are minimized by using 
GORE-TEX Surgical 
Membrane. Reoperative 
cardiac surgery can be 
performed faster with less 
risk. It has been proven* 
... With the use of 
GORE-TEX Surgical 
Membrane. 

For added convenience, 
the GORE-TEX Surgical 
Membrane is available off- 
the-shelf in a variety of 
sterile configurations which 
do not require rinsing. 


Information 
800-437-8181 


Ordering 
800-528-8763 





*Recent medical literature is available... 
Please call 800-437-8181 for specific 
information, including recommended 
implant technique. 








In over 270,000 cases, 
physicians chose 

one tissue heart valve 
over any other. 





Our long-term commitment to engineering and 
design has resulted in today’s number one choice in tissue valves. 
The Carpentier-Edwards* Bioprosthesis benefits from the flexibility 
of our unique Elgiloy* stent and our advanced tissue preservation 
techniques. The result is a tissue valve of improved hemodynamics 
and excellent durability. 

When indications call for a tissue valve, turn to the valve 
chosen more often than any other tissue valve in the world—over 
270,000 implants to date—the Carpentier-Edwards’ Bioprosthesis. 

For more information, call or write Baxter Healthcare 
Corporation, Edwards CVS Division, 17221 Redhill Avenue, Irvine, 
CA 92714-5686, 800.424 .3278. Refer to following page for a brief 
summary of prescribing information. 


The entier-Edwards’ 
Bioprosthesis 


Baxter 


*Elgiloy Corporation 


© Copvriaht 1989 Baxter Healthcare Corporation. All riahts reserved. 


_ Carpentier-Edwards® Bioprosthesis 


For Single Use Only 


indications: Bioprostheses are indicated for use in patients suffering from valvular heart disease. Aortic and mitrat 
valvular heart disease are conditions Involving any of the following: obstructions of the heart valves, ar stenosis: 
feakage of the valves, known as regurgtation or insufficiency; and combinations of the two, sometimes referred to 
as mixed disease or combined lesions. Valvular heart disease may be caused by any number of factors, including 
congenital abnormalities, infection by varioJs microorganisms, degenerative calcification, rheumatic heart disease 
and rupture ar dysfunction of the mitral subvalvular mechanism secondary to myocardial ischemia. Bioprostheses 
are used particularly in those patients for whom long-term anticoagulation is contraindicated or who may be diffi- 
cult to maintain on anticoagulation therapy. The Carpentier-Edwards bioprosthesis is intended for use in patients 
whose aortic or mitral valvular disease is sufficiently advanced to warrant replacement of their ratural valve witha 
prosthetic one, It fs also intended for use in patients with a previously implanted aortic or mitral valve prosthesis 
which is no longer functioning adequataly and requires replacement. tn the latter case, the prev ously implanted 
prosthesis is surgically excised and replaced by the replacement prosthesis. Wamings: Fer Single Patient Use Only 
in the presence of conditions affecting calcium metabolism or when caiclum-conizining chronic drug therapies are 
used, the use of a mechanical prosthesis as an alternative should be considered. This is alse true in patients under 
20 years of age, in patients on a high calcium diet, in the presence of severe systemic hypertension, and in patients 
who are on maintenance hemodialysis The decision to use a tissue valve must ultimately be made by the physician 
on an individual basis after a careful evaluation af the short- and long-term risks and benefits to the patient are 
made, and alternative methods of treatment are considered. Overall durability, especially long-tarm, has not been 
established far bioprostheses. Serious complications, sometimes leading to replacement of the valve and/or death, 
may be associated with the use of prosthetic valves (see Complications). A full explanation of the benefits and risks 
should be given to each prospective pztient before surgery, Note: Bioprostheses should be used with caution in the 
presence of severe systemic hypertension or when the anticipated patient longevity is longer than the known 
longevity of the prosthesis. Caréful and continuous medical follow-up (at least by an annual visit to the physician) is 
advised so that valve-related complications, particularly those related to material failure, can be diagnosed and 
properly managed. Recipients of prosthetic heart valves who are undergoing dental procedures should receive 
prophylactic antibiotic therapy to minimize the possibility of prosthetic infection. Bioprosthetic weart valve recipients 
should be maintained on anticoagulant therapy, except where contraindicated, during the initial healing stages after 
implantation, approximately 2 to 3 months. Anticoagulants should then be discontinued over a psriod of 10 days, 
except in those patients for whom indefinite anticoagulant protection is indicated, Le., in the atsence of sinus 
rhythm and in patients with a dilated left atrium, calcification of the atrial wall or history of previous atrial throm- 
bosis. The appropriate anticoagulation therapy must be determined by the physician on an individual basis. 
Adaquate rinsing with physiological salina, as described in the Yachnique section, Is man¢ story before implan- 
tation to reduce the glutaraldehyde concentration. No other solutions, drugs, chemicals, antibiotics, ete. 
should ever be added to the glutaraldehyde or rinse solutions, as lrreparable damage to the feaftet tissue, 
which may not be apparent under visual Inspection, may result. The Carpentlar-Edwards bloprosthases must 
be kapt molst at all times. Drying out wi:l cause {rreverelbta damage to the leailet tissue. To pravent drying cut 
during Implantation, the valvas should be Imigated periodically on both sides with sterile phystological saline. 
Passing diagnostic catheters and transvenous pacing leads across a Carpentier-Edwards bioprosthesis could dam- 
age the valve. Consequently, itis reco nmanded that these procedures be avolded. Both the va ve and glutaraldehyde 
storage solution are starlla, The outside cf the Jar is not starita and must not be placed in the sterile field. Further- 
more, the valve and container should nevar be subjected to sterilization procedures involving ethylene oxide, 
propylene oxide, steam, or irradiation. Storage between 10°C and 25°C is recommended; however, care should be 
exercised to avoid freezing or extreme heat, which may damage the valvular tissue. Any valva that has bean frozen 
orexposed to temperatures graater than 60°C should not be used for human Implantation. Glutaraldehyde may 
cause irritation of the skin, eyes, nose, and throat, and may also cause skin sensitization. Avo d prolonged or 
repeated comact or prolonged breathing of the vapor. Use only with adequate ventilation. in the event of contact, 
Immediately flush the affected area with water In the avent of contact with eyes, seek medica’ attention. Surgical 
Precautions: 1. When choosing a va ve far a given patient, the size, age, and physical condition of the patient in 
relation to the size of the prosthesis must be taken into consideration to minimize the possibility of obtaining 2 
suboptimal hemodynamic result. The se'ection af a valva, however, must ultimately be made oy the physician on an 
individual basis after carefully weighing ell of the risks and benefits to the patient. 2. Due to tte relative flexibility of 
the frame, care must be exercised to avo'd the use of too large a prosthesis to prevent folding or extreme deforma- 
tion of the stent that may render the valve incompetent. Oversizing may create highly localized mechanical stresses 
resulting in tissue failure in the form 3f detachment of the leaflets or porcine aortic wall from the valve stent posts. 
3. Left ventricular perforation ar ulceration has been reported. Both open and closed chest cardiac massage in 
patients with an open strut mitral prosthesis increases the risk of ventricular perforation. Add tionally, lifting, flex- 
ing, and manual compression of the distended heart after discontinuation of bypass may cause a commissure strut 
to bs pushed through the endocardium, producing a dissecting hematoma with subsequent uncontrolled hemor- 
rhage. 4, The spacing of the sutures in the remnant of the valvular orifice and the prosthesis suture ring must be 
carefully matched to avoid folding of the leaflets or extreme distortion of the orifice. Edwards CVS Division has 
received reports in which Individual matress sutures, spanning a distance of 10 to 15mm, produced a purse-string 
affect causing compression of the valve orifice. 5. When using interrupted sutures, it is important to cut the sutures 
close to the knots and to ensure tha: exposed suture tails will not come Into contact with the leaflet tissue. Cases 
have been reported in which bioprostheses developed severe regurgitation and had to be rep aced as a result of 
wear due to contact with sutures. 6. Unike rigid mechanical valves, the stent wall is soft and will nat resist needie 
penetration. Accartingly, extreme care must be exercised when placing sutures through the sewing margin to avoid 
penetration of the side wall of the stent and possible laceration of the leaffet tissue. 7. As wit all prostheses that 
have open cages, free struts, or commissure supports, care must be exercised, particularly in mitral replacement, 
to avoid teoping or catching a suture around the free legs which would interfere with proper valvular function. 8. The 
stent of the bioprosthesis Is asymmetrical to conform to the natural shape of the porcine aortic valve. Consequently, 
the commissure supports are not equidistantly spaced. The contrasting suture markers in tre sewing ring of the 
mitral valve denote the greatest intercommissural distance. These two commissure supports should be oriented so 
as to straddle the ventricular outflow trect to avoid murmurs due to blood flow turbulence. Note: The contrasting 
suture material should not be removed irom the prosthesis. 9. In the aortic position, the struts should correspond 
to the remnants of the natural commissures so as not to obstruct the coronary ostia. 10. A serial number tagis 
attached to the sewing ring of each valve by a suture. This serial number should be checked against the number on 
the jar; if any difference Is noted, tre velve should be retuned unused. This tag should not be detached from the 
valve until implant is imminent. Care should be exercised to avoid cutting or tearing the suture ring cloth during 
removal. 11. Gentle handling is required far ail implantable devices. If the valve Is dropped, damaged, or mis- 
handied in any way, it must not be used for human implantation. Complications: As with ali prosthetic heart vatves, 
seriaus complications, sometimes leacing to death, may be associated with the use of tissue valves. in addition, 
complications due to individuat patient reaction to an implanted device, or to physical or chemical changes in the 
components, particularly those of Diological origin, may occur at varying intervals (hours or days) necessitating 
reoperation and replacement of the presthetic device. Complications associated with the use of Carpentier-Edwards 
bioprostheses include stenosis; regurgitation through an incompetent valve, perivalvular teak, endocarditis, 
hemolysis, thromboembolism, thramtotic obstruction, bleeding diatheses related to the use of anticoagulant ther- 
apy, ventricular perforation by stent posts, looped sutures, and malfunctions of the valve dte to distortion at implant 
or physical or chemical deterioration of valve components. Types of tissue deterioration inciude infection, calcifica- 
tion, thickening, perforation, suture atrasion, instrument trauma, and leaflet or aortic wall detachment from the 
valve stent posts. These complications may present clinically as abnormal heart murmur, shortness of breath, exer- 
cise intolerance, dyspnea, orthopnea, anemia, fever, arrythmia, hemorrhage, transient ischemic attack, stroke, 
paralysis, low cardiac output, pulmonary edema, congestive heart failure, cardiac failure, and myocardial infarct. 
Hote: Based on reports in the literature on tissue valves, there appears to be an increased incidence of leaflet caicifi- 
cation in patients under the age of 20. in this regard, animal research studies show that a high systemic calcium 
level can lead to early calcification. Futhermore, at least one published report describes ar apparent causal relation- 
ship between the consumption of daily calcium supplements and early leaflet calcification in an adult. When feasible, 
repeated intravenous injections ccntaining calcium should be avoided during the postoperative period; and exces- 
sive milk or dairy product consumption should be avoided in children. There are no clinical data presently available 
demonstrating increased resistance of Carpentier-Edwards bioprostheses to calcification 2s compared to other 
commercially availabte porcine valves. Caution: Federal (USA) law restricts this device to sale by or on the order of a 
physician, Baxter Intemational Ine. is the owner of the following US patent which covers the products described 
herein: 4,106,129. Patent numbers in foreign countries supplied upon request. See packags insert accompanying 
product for a full discussion of wamings, contraindications, complications and prescribing information. Carpentier- 
Edwards® is a registered trademark o° Baxter International Inc, 
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CARDIOVASCULAR AND 
THORACIC SURGEON 





Excellent opportunity for a Board certified 
or eligible cardiovascular and thoracic 
surgeon with experience in surgical inter- 
ruption of accessory pathways to join a 
busy Northeastern five man group. Prac- 
tice specializes in adult cardiac and tho- 
racic surgery. Excellent benefit package. 


Please reply to: 


Cardio-Thoracic 
Associates of WNY P.C. 
1275 Delaware Avenue 
Buffalo, New York 14209 





| CHAIR DEPARTMENT OF SURGERY 





800-bed regional tertiary care university affiliated 
teaching hospital is seeking a Chairman for the Depart- 
ment of Surgery. The Allentown Hospital—Lehigh Val- 
ley Hospital Center was the first Level | Trauma Center 
in the state and performs over 1000 open heart surgery 
cases per year. The hospital sponsors accredited 
residency programs in general, plastic, and colon and 
rectal surgery. It is a component of HealthEast, a 
regional not-for-profit multi-hospital system, and a clini- 
cal campus of Hahnemann University in Philadeiphia 
where the successful candidate will hold a vice-chair 
appcintment in the department of surgery. The Allen- 
town Hospital—Lehigh Valley Hospital Center is locat- 
ed in Allentown, a prosperous and desirable area in 
eastern Pennsylvania one hour from Philadelphia and 
one and one half hours from New York City. 


Board certified surgeons with administrative experi- 
ence and familiarity with both academic and communi- 
ty hospital environments should write or call for more 
information (a brochure on the position is available) or 
send curriculum vitae in confidence to: 


Indru Khubchandani, M.D. 

Chairman, Search Committee C/O 
HealthSearch 

50 College Drive, Allentown, PA 18104 

215-778-7993 


We are an equal opportunity employer m/f/hiv 





BACK 
IN THE PINK 


In the post-MI heart failure patient, the inotropic 
action of dobutamine increases tissue perfusion 
while maintaining a favorable impact on the 
determinants of myocardial oxygen consumption. 


DOBUTAMINE -C 


See adjacent page for brief summary of prescribing information 
©1989, ELI LILLY AND COMPANY DX-0903-T-949325 





Jobutrex’® Solution 
jobutamine hydrochloride injection 


=xcessive dosages of Dobutrex or other inotropic agents may pro- 
juce unwanted alterations in blood pressure, heart rate, or ventric- 
ilar ectopic activity. 

brief Summary. Consult the package literature for prescribing information. 

clinical Pharmacology: Dobutrex Solution is a direct-acting inotropic agent whose 
wrimary activity results from stimulation of the B-receptors of the heart while producing 
‘omparatively mild chronotropic, hypertensive, arrhythmogenic, and vasodilative 
‘ffects. It does not cause the release of endogenous norepinephrine, as does dopamine. 
n animal studies, dobutamine produces less increase in heart rate and less decrease in 
veripheral vascular resistance for a given inotropic effect than does isoproterenol. 

In patients with depressed cardiac function, both dobutamine and isoproterenol 
crease the cardiac output to a similar degree. In the case of dobutamine, this increase 
3 usually not accompanied by marked increases in heart rate (although tachycardia is 
iecasionally observed), and the cardiac stroke volume is usually increased. In contrast, 
soproterenol increases the cardiac index primarily by increasing the heart rate while 
troke volume changes little or declines. 

Facilitation of atrioventricular conduction has been observed in human electrophysio- 
gic studies and in patients with atrial fibrillation. 

Systemic vascular resistance is usually decreased with administration of dobutamine. 
ecasionally, minimum vasoconstriction has been observed. 

Most clinical experience with dobutamine is short term—not more than several hours 
duration. In the limited number of patients who were studied for 24, 48, and 72 hours, a 
‘ersistent increase in cardiac output occurred in some, whereas output returned toward 
‘aseline values in others. 

Theonsetof action of Dobutrex Solutionis within one to two minutes; however, as much 
s ten minutes may be required to obtain the peak effect of a particular infusion rate. 

The plasma half-life of dobutamine in humans is two minutes. The principal routes of 
etabolism are methylation of the catechol and conjugation. In human urine, the major 
xcretion products are the conjugates of dobutamine and 3-O-methyl dobutamine. The 
-O-methy! derivative of dobutamine is inactive. 

Alteration of synaptic concentrations of catecholamines with either reserpine or 
‘icyclic antidepressants does not alter the actions of dobutamine in animals, which 
idicates that the actions of dobutamine are not dependent on presynaptic mechanisms. 


dications and Usage: Dobutrex Solution is indicated when parenteral therapy is 
ecessary for inotropic support in the short-term treatment of adults with cardiac 
ecompensation due to depressed contractility resulting either from organic heart 
isease or from cardiac surgical procedures. 

In patients who have atrial fibrillation with rapid ventricular response, a digitalis 

reparation should be used prior to institution of therapy with Dobutrex Solution. 
‘ontraindications: Dobutrex Solution is contraindicated in patients with idiopathic 
ypertrophic subaortic stenosis and in patients who have shown previous manifesta- 
ons of hypersensitivity to Dobutrex Solution. 
Varnings: 1. Increase in Heart Rate or Blood Pressure—Dobutrex Solution may cause a 
yarked increase in heart rate or blood pressure, especially systolic prossuro. Approxi- 
ately 10% of patients in clinical studies have had rate increases of 30 beats/minute or 
ore, and about 7.5% have had a 50-mm Hg or greater increase in systolic pressure. 
Isually, reduction of dosage reverses these effects. Because dobutamine facilitates 
trioventricular conduction, patients with atrial fibrillation are at risk of developing rapid 
entricular response. Patients with preexisting hypertension appear to face an 
creased risk of developing an exaggerated pressor response. 

2. Ectopic Activity—Dobutrex Solution may precipitate or exacerbate ventricular 
ctopic activity, but it rarely has caused ventricular tachycardia. 

3. Hypersensitivity— Reactions suggestive of hypersensitivity associated with admin- 
stration of Dobutrex Solution, including skin rash, fever, eosinophilia, and bron- 
hospasm, have been reported occasionally. 

4. Dobutrex Solution contains sodium bisulfite, a sulfite that may cause allergic-type 

2actions, including anaphylactic symptoms and life-threatening or less severe asth- 
yatic episodes, in certain susceptible people. The overall prevalence of sulfite sensitiv- 
yin the general population is unknown and probably low. Sulfite sensitivity is seen more 
‘equently in asthmatic than in nonasthmatic people. 
'recautions: 1. During the administration of Dobutrex Solution, as with any adrener- 
ic agent, ECG and blood pressure should be continuously monitored. In addition, 
ulmonary wedge pressure and cardiac output should be monitored whenever 
ossible to aid in the safe and effective infusion of Dobutrex Solution. 

2. Hypovolemia should be corrected with suitable volume expanders before treatment 
sith Dobutrex Solution is instituted. 

3. Animal studies indicate that dobutamine may be ineffective if the patient has 
cently received a B-blocking drug. In such a case, the peripheral vascular resistance 
Jay increase. 

4. No improvement may be observed in the presence of marked mechanical obstruc- 
on, such as severe valvular aortic stenosis. 

Usage Following Acute Myocardial Infarction— Clinical experience with Dobutrex Solu- 
on following myocardial infarction has been insufficient to establish the safety of the 
rug for this use. There is concern that any agent that increases contractile force and 
eart rate may increase the size of an infarction by intensifying ischemia, but it is not 
nown whether dobutamine does so. 

Usagein Pregnancy = Reproduction studies performedinrats andrabbits haverevealed 
o evidence of impaired fertility, harm to the fetus, or teratogenic effects due to dobuta- 
jine. However, the drug has not been administered to pregnant women and should be 
sed only when the expected benefits clearly ey se the potential risks to the fetus. 

Pediatric Use— The safety and effectiveness of Dobutrex Solution for use in children 
ave not been studied. 

Drug Interactions— There was no evidence of drug interactions in clinical studies in 
‘hich Dobutrex Solution was administered concurrently with other drugs, including 
igitalis preparations, furosemide, spironolactone, lidocaine, glyceryl trinitrate, isosor- 
ide dinitrate, morphine, atropine, heparin, protamine, potassium chloride, folic acid, and 
cetaminophen. Preliminary studies indicate that the concomitant use of dobutamine 
nd nitroprusside results in a higher cardiac output and, usually, a lower pulmonary 
vedge pressure than when either drug is used alone. 

\dverse Reactions: /ncreased Heart Rate, Blood Pressure, and Ventricular Ectopic Activ- 
y—A 10- to 20-mm increase in systolic blood pressure and an increase in heart rate of 

to 15 beats/minute have been noted in most patients. (See Warnings regarding exagger- 
ted chronotropic and pressor effects.) Approximately 5% of patients have had increased 
remature ventricular beats during infusions. These effects are dose related. 

Hypotension—Precipitous decreases in blood pressure have occasionally been 
lescribed in association wth dobutamine therapy. Decreasing the dose or discontinuing 
ne infusion typically results in rapid return of blood pressure to baseline values. In rare 
ases, however, intervention may be required and reversibility may not be immediate. 

Reactions at Sites of Intravenous Infusion—Phlebitis has occasionally been reported. 
ocal inflammatory changes have been described following inadvertent infiltration. 

Miscellaneous Uncommon Effects— The following adverse effects have been reported 
11% to 3% of patients: nausea, headache, anginal pain, nonspecific chest pain, 
alpitations, and shortness of breath. 

No abnormal laboratory values attributable to Dobutrex Solution have been observed. 

Longer-Term Safety—Infusians of up to 72 hours have revealed no adverse effects 
ther than those seen with shorter infusions. 

'A 7235 AMP 050289) 
\dditional information available to the profession on request from Eli Lilly and Company, 
idianapolis, Indiana 46285. 


Eli Lilly Industries, Inc 
SL Carolina, Puerto Rico 00630 
hy A Subsidiary of Eli Lilly and Company 
Indianapolis, Indiana 46285 


Cardiac/Thoracic 
Surgeon 


Marshfield Clinic, located in central Wisconsin, 
has animmediate opening for a board certified or 
board eligible cardiothoracic surgeon to join an 
active 3-member department to do a full comple- 
ment of cardiac and thoracic surgery in a private 
ue practice. There are 325 physicians in the 

linic representing all surgical and medical spe- 
cialties. The Clinic is physically attached to a 529 
bed acute care teaching hospital. Over 550 open 
hearts done in 1988. This is a challenging referral 
center cardiac & thoracic surgical practice with 
opportunities for teaching and research. Please 


send curriculum vitae to: 


William O. Myers, M.D. 
1000 North Oak Avenue 
Marshfield, WI 54449 


or call collect 
(715) 387-5275 


Marshfield Clinic 
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Quality For Life. 


Clinical Experience With Subxiphoid Drainage of 


Pericardial Effusions 


George M. Palatianos, MD, Richard J. Thurer, MD, Matthew Q. Pompeo, MD, and 


Gerard A. Kaiser, MD 


Division of Thoracic and Cardiovascular Surgery, University of Miami School of Medicine, Miami, Florida 


To assess the effectiveness of subxiphoid pericardial tube 
drainage for treatment of pericardial effusion, we re- 
viewed 41 consecutive patients who underwent this 
procedure during a 14-year period. The patients ranged 
in age from 7 moriths to 75 years. All were symptomatic 
preoperatively. The diagnosis of pericardial effusion was 
confirmed by echocardiogram in all but 2 patients. Eight 
patients had acute pericardial tamponade. Subxiphoid 
pericardial drainage was performed under general (n = 
35) or local anesthesia (n = 6). A portion of the anterior 
pericardium was excised in each patient. There were no 
perioperative deaths. Thirty-day mortality was 19.5%; 


ontrovérsy exists concerning the choice of operation 

for management of pericardial effusion. Tradition- 

ally, the surgical approach for a large, persistent, or 

hemodynamically significant pericardial effusion has been 

pericardiectomy by left thoracotomy or median sternot- 

omy [1-3]. However, several reports advocate use of the 

subxiphoid approach for surgical drainage of the pericar- 

dium [4-9]. In the present study, we reviewed our expe- 

rience with subxiphoid pericardial drainage at the Univer- 
sity of Miami/Jackson Memorial Medical Center. 


Material and Methods 


From November 1972 to December 1986 41 consecutive 
patients (22 female) underwent open subxiphoid pericar- 
dial tube drainage for treatment of persistent symptomatic 
pericardial effusion at the University of Miami/Jackson 
Memorial Medical Center. This review includes 21 pa- 
tients reported previously [9 ]. The patients ranged in age 
from 7 months to 75 years (mean age, 40.1 years). All were 
symptomatic preoperatively. Chest pain was present in 16 
patients; cough in 11, fever in 12, dyspnea in 25, and 
weakness in 7. Clinical manifestations included jugular 
venous distention in 10 patients, pericardial rub in 6, and 
pulsus paradoxus in 16. Eight patients had hypotension 
associated with pericardial tamponade. The chest roent- 
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there were five late deaths. All deaths were unrelated to 
pericardial effusion or to the operation. One patient had 
recurrent effusion requiring pericardiocentesis on the 
21st postoperative day. He died five days later of exten- 
sive lymphoma. Twenty-eight patients were followed 
from 1 month to 10 years; mean follow-up was 31.5 
months. None developed recurrent effusion or pericar- 
dial constriction. We concludé that subxiphoid pericar- 
dial drainage is effective for treatment of pericardial 
effusion. 


(Ann Thorac Surg 1989;48:381-5) 


genogram revealed cardiomegaly in 26 patients and was 
reported as diagnostic of pericardial effusion in 8 patients. 
The diagnosis of pericardial effusion was confirmed by 
echocardiogram in 39 patients. Right heart catheterization 
with a Swan-Ganz catheter was performed preoperatively 
in 4 patients. Pericardiocentesis was performed preoper- 
atively without complications in 12 patients. 

Subxiphoid drainage was performed under general (35 
patients) or local anesthesia (6 patients). The procedure 
has been describéd previously [9]. A short midline or 
oblique incision is performed in the epigastrium originat- 
ing from the xiphoid process or the left sternocostal angle, 
respectively (Fig 1). The retrosternal prepericardial space 
is entered by incising the linea alba, excising the xiphoid 
process, and dissecting retrosternally, or by dissecting 
cephalad anteriorly to the postetior leaf of the rectus 
abdominis sheath. Dissection of the prepericardial tissues 
reveals the lower part of the anterior pericardium. A 3 X 
4-cin? biopsy specimen is taken under direct vision from 
the lower aspect of the anterior pericardium. The pericar- 
dial cavity is decompressed, atid samples of the drained 
fluid are collected for microbiological cultures and cyto- 
logical analysis as indicated. The pericardial cavity is 


. digitally explored, presence of tumor or adhesions is 


assessed, and gentle digital lysis of adhesions and open- 
ing of loculations is performed as needed to enhance 
satisfactory drainage. 

For continuous postoperative drainage, two chest tubes 
are usually inserted in the pericardial cavity through the 
created defect, exteriorized through separate incisions in 
the epigastrium, and secured. One tube is usually a 36F 
right-angle chest tube, which is positioned. posteriorly ; 


(inferiorly) to the heart with its tip directed leftward. hoe 


straight chest tube (usually a 28F) is positioned: ánteriorly e l 
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Fig 1. Solid black lines demon- 

strate incisions for subxiphoid peri- A 
cardial drainage: (A) midline; (B) 

oblique. 


to the heart. The tubes are connected to a system of 
underwater seal and suction and are removed when fluid 
drainage ceases. 

After hospital discharge, the patients were followed 
with physical examinations and echocardiograms either in 
our outpatient clinics or by their private physician. 


Results 


The cause of the pericardial effusion is shown in Table 1. 
Of the 14 patients with neoplastic effusion, 13 had effu- 
sion of malignant cause. Examination of the resected 
pericardial segment demonstrated malignancy in 6 pa- 
tients. Cytological examination of pericardial fluid was 
positive for malignant cells in 11 patients. In 7 patients 
with positive cytology, the pericardial biopsy specimen 
was negative for malignancy, whereas in 2 patients with 
pericardial biopsy specimens positive for malignancy the 
cytology of the pericardial fluid was negative for malig- 
nant cells. Seven of the patients had lung cancer, 4 had 
breast cancer, 1 had lymphoma, and 1 had malignant 
pericardial effusion of undetermined primary source. One 
patient had pericardial effusion due to sinus histiocytosis. 

Microorganisms cultured from pericardial fluid in 7 
patients were the following: Pneumococcus (2 patients), 


Table 1. Cause of Pericardial Infusion 





Cause of Effusion No. of Patients 





Idiopathic 9 

Neoplastic 14 

Uremic 

Purulent 6 

Tuberculous 2 

Dressler syndrome 12 
Total 41 





a Two months after acute myocardial infarction. 
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Streptococcus viridans (1 patient), Hemophilus influenzae (1 
patient), and Mycobacterium tuberculosis (2 patients). Yeast 
grew from purulent pericardial effusion in a 24-year-old 
intravenous drug abuser who was treated for gunshot 
wounds to the left hemithorax. However, no identifica- 
tion of a fungus was available in the records. The patient 
was free of pericardial effusion or constriction 10 years 
later. In a 9-month-old girl treated for Hemophilus influ- 
enzae sepsis, purulent pericardial effusion was drained 
(white blood cell count, 21,700/uL) but grew no microor- 
ganism. 

There were no perioperative deaths. Thirty-day mortal- 
ity was 19.5% (8 patients). Four patients had malignant 
pericardial effusion and died of extensive malignancy 20 
to 27 days postoperatively. Two other patients had tuber- 
culous pericarditis and died of acquired immunodefi- 
ciency syndrome 16 and 30 days postoperatively. Acid- 
fast bacilli were cultured from pericardial fluid in both of 
these latter patients. However, granulomas were not 
present in the pericardium. The remaining 2 patients had 
uremic pericardial effusion; 1 of them died of pneumonia 
on the 30th postoperative day, and the other suffered 
cardiac arrest and died intraoperatively during revision of 
clotted arteriovenous shunt five days after pericardial 
drainage. 

Recurrent pericardial effusion occurred in 1 patient with 
terminal malignant disease due to extensive lymphoma 
with pericardial involvement. The effusion was drained 
by pericardiocentesis on the 21st postoperative day. The 
patient died of his malignancy five days later without 
evidence of recurrence of the pericardial effusion. No 
other patients who died had evidence of clinically signif- 
icant pericardial effusion or constriction, and their deaths 
were not related to the pericardium or to the operation. 
There were no other major postoperative complications. 
Transient ventricular arrhythmias occurred in 2 patients 
in the early postoperative period but were controlled with 
lidocaine and did not persist for more than a day. 

Three patients were lost to follow-up immediately after 
hospital discharge. One of them was treated for uremic 
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Table 2. Cause of Pericarditis and Follow-up in 28 Patients 


Follow-up (mo) 


Cause of No. of 
Pericarditis Patients Mean Range 
Idiopathic 8 30.4 1.5-76.3 
Malignant 6 6.8 1.5-16.5 
Sinus histiocytosis 1 17.3 se 
Uremic 6 17.8 1-34 
Purulent 6 61.3 1-120 
Dressler syndrome 1 105.3 

Total 28 31.5 1-120 


pericarditis; the other 2 were treated for malignant peri- 
cardial effusion. Two additional patients treated for idio- 
pathic or malignant pericardial effusion were lost to fol- 
low-up 20 days and 14 days, respectively, after hospital 
discharge. Twenty-eight patients were followed from 1 
month to 10 years (Table 2). Five patients had follow-up of 
1 (n = 2) or 1.5 months (n = 3). These patients were 
treated for idiopathic (n = 2), uremic (n = 1), purulent (n 
= 1), or malignant pericardial effusion (n = 1). Mean 
follow-up was 31.5 months. None of these patients devel- 
oped recurrence of pericardial effusion necessitating peri- 
cardiocentesis or repeat surgical drainage. Postoperative 
M-mode and two-dimensional echocardiography was per- 
formed in 13 patients (46.4%) and confirmed the absence 
of recurrent effusion. Late death occurred in 7 patients. 
Five had metastatic malignancy and died of their disease 
2 to 16.5 months postoperatively. Another patient, who 
had been operated on for idiopathic pericardial effusion, 
died of bilateral pneumonia 29 months later, and another 
with end-stage renal failure died of acute myocardial 
infarction 31 months after subxiphoid drainage. Of the 10 
patients with malignant pericardial effusions and com- 
plete follow-up, 8 died 20 days to 16.5 months postoper- 
atively. The remaining 2 patients were alive 4 and 7.5 
months postoperatively. 


Comment 


Pericardiectomy by left thoracotomy or median sternot- 
omy has been considered the procedure of choice for 
patients with pericardial tamponade or persistent large 
pericardial effusions [1-3]. Several reports suggest that 
the less invasive subxiphoid approach to the pericardial 
cavity is an effective and perhaps preferable alternative 
[4-9]. 

The noted French surgeon Baron Dominique-Jean Lar- 
rey (1766-1842) was probably the first to use the subxi- 
phoid approach for drainage of the pericardial cavity in 
1824. His experience is described in detail in his Clinique 
Chirurgicale, in which the first description of the subxi- 
phoid approach to the pericardium is outlined [10]. Larrey 
advocated use of the subxiphoid approach to the pericar- 
dium, considering this an easy operation with small risk, 
offering the most chances of success because (1) at this 
dependent point where the pericardial opening is made 
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the collection of fluid is more prominent and the pericar- 
dium is at a distance from the heart, (2) there is easy 
drainage of the fluid without disturbance of heart func- 
tion, and (3) formation of adhesions may be limited to the 
inferior aspect of the heart and spare the remaining 
pericardium [10]. 

The subxiphoid approach to the pericardium can be 
achieved by a midline or an oblique incision (Fig 1). The. 
oblique incision was advocated by Larrey [10]. We believe 
that the oblique incision is preferable in patients with a 
wide sternocostal angle. In patients with a narrow ster- 
nocostal angle, the midline incision with resection of the 
xiphoid process is preferred. 

Use of the subxiphoid approach to the pericardium was 
popularized by Willius and Dry [11], Cassell and Cullum 
[12], Schlein and colleagues [13], and Fontenelle and 
associates [14]. Several investigators consider subxiphoid 
pericardial tube drainage an effective procedure for pa- 
tients with uremic [6], malignant [15-17], traumatic [18], 
purulent [6], and even tuberculous pericardial effusion 
[6]. 

The average recurrence rate of the effusion after subxi- 
phoid tube pericardial drainage is 4.9% in the 513 patients 
reported (Table 3). In our experience, 1 patient (2.4%) 
with extensive lymphoma with pericardial involvement 
had recurrence of clinically significant pericardial effusion 
after subxiphoid drainage. No clinically significant effu- 
sion was present five days later when he died of his 
malignancy. 

Pericardiectomy, partial or extensive, is the traditional 
approach for surgical management of uremic pericardial 
effusion, often in association with pericardiocentesis [23- 
25]. In patients with uremic pericardial effusions and 
evidence of hemodynamic compromise (pulsus para- 
doxus or pericardial tamponade), or large pericardial 
effusions resistant to intensive hemodialysis, we advocate 
use of the subxiphoid approach as initial surgical manage- 
ment. The low operative mortality and small recurrence 
rate make the subxiphoid approach the procedure of 
choice for initial surgical drainage. A more extensive 
pericardiectomy can be performed later if necessary. In 
our experience, however, recurrence of the effusion ne- 
cessitating reoperation did not occur. In patients with 
marked hemodynamic compromise due to pericardial 
tamponade, pericardiocentesis may be attempted with a 
7F pigtailed catheter, preferably guided by two-dimen- 
sional echocardiography [26]. Intrapericardial injection of 
steroids has been advocated in an effort to limit recurrence 
of effusion [27, 28]. 

Subxiphoid tube drainage of pericardium is successful 
in cases of malignant pericardial effusion [15-17]. Thora- 
cotomy provides better exposure of the pericardium and 
allows easier release of adhesions than the subxiphoid 
approach [29]. However, thoracotomy itself poses a 
higher operative risk, especially in patients with malig- 
nant pericardial effusions, whose condition is often mark- 
edly compromised [29]. We believe that in these cases the 
less invasive subxiphoid approach effectively drains the 
pericardium and is preferable. In addition, the subxiphoid 
approach can be effectively performed under local anes- 
thesia, reducing the surgical risk in severely ill patients [4, 
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Table 3. Rate of Effusion Recurrence and Constriction After 
Subxiphoid Tube Pericardial Drainage 


No. of 

Reference Patients Recurrence? Constriction? 
Schlein et al [13] 7 1 0 
Fontenelle et al [14] 12 0 0 
Lajos et al [4] 22 0 1 
Santos and Frater [5] 46 2 0 
Hankins et al [15] 13 0 1 
Alcan et al [19] 18 1 0 
Levin and Aaron [20] 28 2 1 
Prager et al [6] 25 0 0 
Berman et al [16] 3 0 0 
Little et al [7] 32 0 0 
Piehler et al [21] 13 2 3 
Reitknecht et al [17] 46 2 0 
Ghosh et al [8] 108 5 0 
Mills et al [22] 99 9 0 
Palatianos et al 41 1 0 

(present series) 

Total 513 25 (4.9%) 6 (1.2%) 





a Number of patients who developed clinically sign:ficant recurrent effu- 
sion or pericardial constriction postoperatively. 


5, 8, 12-20]. Breast and lung carcinomas and lymphomas 
are the most common malignancies that metastasize to the 
pericardium and produce pericardial effusion [30]. In our 
experience, 7 of 13 patients with malignant pericardial 
effusion had lung cancer, 4 had breast cancer, 1 had 
extensive lymphoma, and 1 had malignant pericardial 
effusion prover. by positive cytological studies but with an 
undetermined primary site. Four patients died of their 
malignancy within the first postoperative month, whereas 
2 others were alive at 4 and 7.5 months postoperatively 
without recurrence of the effusion. 

In patients with infectious pericarditis, which is usually 
associated with generalized sepsis, use of the less invasive 
subxiphoid approach effectively drains the pericardial 
cavity and avoids contamination of the pleural space [6]. 
Grossly purulent pericardial effusions were drained from 
6 of the patients. A microorganism was cultured in 5 of 
them. However, the data available on 1 patient from 
whom yeast was cultured cannot exclude the possibility 
that the yeast was a contaminant. In another patient, a 
grossly purulent pericardial effusion grew no microorgan- 
ism. This was a 9-month-old girl who was receiving 
antibiotics for Hemophilus influenzae sepsis, which could 
have resulted in sterilization of the pericardial effusion. 
The two patients with tuberculous pericarditis had ac- 
quired immunodeficiency syndrome, and despite ade- 
quate drainage of the pericardium and antituberculous 
treatment they died 16 and 30 days postcperatively with- 
out evidence of recurrence. The remaining patients with 
purulent pericarditis did well, with resolution of the 
infection and no evidence of pericardial effusion after a 
mean follow-up of 5.1 years (Table 2). 

One reason for avoiding limited pericardial resection is 
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the possibility of postoperative occurrence of pericardial 
constriction. The incidence of pericardial constriction de- 
veloping after subxiphoid surgical drainage of pericardial 
effusions is 1.2% (Table 3). Constrictive pericarditis after 
subxiphoid pericardial drainage developed in 1 patient in 
the experience of Lajos and associates [4] and in 1 patient 
in the report by Levin and Aaron [20]. The patients were 
suffering of pyogenic and uremic pericarditis, respec- 
tively; both were treated successfully with total peri- 
cardiectomy [4, 20]. Piehler and associates [21] reported 3 
patients in whom pericardial constriction developed 
within 5 months of subxiphoid pericardial drainage. How- 
ever, 2 of them had subxiphoid drainage for management 
of radiation-induced pericardial effusion, and 1 had drain- 
age for management of malignant pericarditis that re- 
sulted in carcinomatosis [21]. Hankins and colleagues [15] 
also reported a patient who developed pericardial con- 
striction 5 months after subxiphoid pericardial drainage. 
This patient had received chest wall irradiation for treat- 
ment of breast carcinoma. 

Radiation-induced pericardial effusion occurs in 30% of 
patients who receive 4,000 rads or more of mediastinal 
irradiation for treatment of lymphoma or other radiosen- 
sitive neoplastic conditions. In about 42% of these pa- 
tients the effusion is persistent and may require surgical 
drainage [31]. Prolonged survival is anticipated for such 
patients, in whom the irradiation-affected pericardium 
will probably continue to produce the effusion. Therefore, 
extensive pericardiectomy rather than subxiphoid drain- 
age is recommended for surgical management of radia- 
tion-induced pericardial effusion [9, 32]. 

Subxiphoid tube drainage of the pericardium is effective 
for initial surgical management of large, persistent, and 
hemodynamically significant pericardial effusions of ure- 
mic, neoplastic, purulent, or idiopathic etiology. It is 
particularly indicated for pericardial effusions of any 
cause in compromised patients as it is an effective, less 
traumatic, and therefore preferable alternative to exten- 
sive pericardiectomy. In cases of radiation-induced peri- 
cardial effusion, extensive pericardiectomy is the recom- 
mended surgical approach. 


We acknowledge the cooperation of Michael K. Gilmore, Stana 
Novak, Julie Martin, and Lynette Nieves in the preparation of 
this report. 
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Efficacy of surgical closure versus indomethacin for treat- 
ment of patent ductus arteriosus in symptomatic neo- 


nates is an ongoing controversy. In recent years, surgical. 


closure has been performed in the neonatal intensive 
care unit rather than the operating room in some centers, 
creating further controversy. In a retrospective study of 
the charts of 115 sequential patent ductus arteriosus 
surgical closures performed in the neonatal intensive 
care unit in premature infants, we found no surgical 
morbidity or mortality. Ninety-nine of these infants of 
less than 33 weeks gestational age were evaluated for 
various factors that might influence outcome. All were 
operated on within 72 hours of diagnosis, with an extra- 
pleural approach and metal clips used for closure of the 


urgical versus pharmacological closure of the patent 

ductus arteriosus (PDA) in neonates remains an area 
of avid debate. Surgical closure has been reported to 
result in earlier ventilator weaning by Cotton and col- 
leagues [1], but Bhat and co-workers [2] reported that 
ventilator weaning tended to occur at 33 weeks of con- 
ceptional age with medical treatment or early or late 
surgical closure. Surgical closure performed in the neona- 
tal intensive care unit (NICU) has also been advocated by 
some investigators. We report a large series of surgical 
closures in neonates with symptomatic PDA, focusing 
specific attention on the safety and efficacy of operation in 
the NICU and time of ventilator weaning in various 
subgroups classified by gestational age (GA) at birth. 


Material and Methods 


From July 1984 to December 1987, 115 premature infants 
underwent surgical closure for symptomatic PDA in the 
NICU at Iowa Methodist Medical Center with no opera- 
tion-related deaths or morbidity. All 115 records were 
reviewed for various factors that might influence patient 
outcome. Ten patients were still hospitalized and thus 
had incomplete charts and could not be entered into the 
study. Six infants of more than 33 weeks GA at birth were 
not included; thus, 99 patients comprised the study 
group. Diagnosis was established by the clinical findings 


Accepted for publication May 31, 1989. 


Address reprint requests to Dr Coster, lowa Methodist Medical Center, 
1200 Pleasant, Des Maines, IA 50309. 


ductus. All infants were extubated at an average of 33 
weeks in each age group studied unless they had under- 
lying severe bronchopulmonary dysplasia. We conclude 
that surgical closure of the symptomatic patent ductus 
arteriosus in neonates is safe and 100% effective, with 
none of the reported complications of indomethacin 
therapy, and should be the treatment of choice in neo- 
nates aged less than 33 weeks (gestational age) at birth 
with symptomatic patent ductus arteriosus. Closure per- 
formed in the neonatal intensive care unit eliminates 
transport risks and is ultimately safer and easier than 
transport to an operating room. 


(Ann Thorac Surg 1989;48:386—-9) 


of a hyperdynamic precordium, bounding peripheral 
pulses, worsening respiratory status, and radiographic 
evidence of pulmonary edema and cardiomegaly, and 
was confirmed by color-flow Doppler and two-dimen- 
sional echocardiogram in every case. Because indometh- 
acin is generally not used in infants aged less than 33 
weeks GA by our neonatologists, nearly every infant with 
a symptomatic PDA in this time period underwent surgi- 
cal closure. All patients had respiratory distress syndrome 
and required mechanical ventilation both preoperatively 
and postoperatively. 

Operation was performed in a small operating room 
immediately adjacent to the NICU. The infants were 
transported the short distance to the operating room in an 
incubator and then transferred to the operating room 
table. Fentanyl and pancuronium were used as anesthesic 
agents in 81 (82%) patients, ketamine or ketamine and 
pancuronium was used in 13 (13%), and atracrium besy- 
late and ketamine or morphine were used in 5 (5%). An 
extrapleural surgical approach was used through a small 
left posterolateral thoracotomy incision of the fourth in- 
tercostal space. After the ductus was closed slowly with a 
pair of forceps to assess the change in blood pressure, two 
hemoclips were placed adjacent to the aorta while the 
recurrent laryngeal nerve was pushed carefully out of the 
way medially. No chest tubes were placed. The lungs 
were manually inflated, and the ribs were reapproximated 
with a single 0-Tevdek suture. The muscle was closed 
with 3-0 Vicryl and the skin with 4-0 Vicryl and Steri- 
strips. Total operating time was generally less than 15 
minutes. The infants were then transferred back to the 
NICU for continued medical management. 
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Table 1. Characteristics of 99 Infants Operated on for Patent 
Ductus Arteriosus 








Variable Group1 Group2 Group3 Total 
No. of patients 18 52 29 99 
Male/female ratio 11:7 28:24 15:14 54:45 
Gestational age (wk) 

Range 23-26.5 27-29.5 30-32 

Mean 24.9 28.2 30.8 28.36 
Weight (g) 

Range - 480-1,300 650-1,560 1,000-2,155 

Mean 809 1,102 1,414 1,140 
Twins 5 (28%) 13(25%)  5(17%) 23% 
Results 


The 99 patients who were sequentially operated on were 
divided into three groups based on GA (determined by 
dates and ultrasound). Group 1 consisted of 18 patients of 
less than 27 weeks GA (range, 23 to 26.5 weeks; weight 
range, 480 to 1,300 g). There were 11 boys and 7 girls, 
including 5 twins. There were no hospital deaths in this 
group. Four patients were transferred to other tertiary 
centers for long-term care of ventilator-dependent bron- 
chopulmonary dysplasia (Table 1). 

Group 2 consisted of 52 patients of at least 27 weeks and 
less than 30 weeks GA (range, 27 weeks to 29.5 weeks; 
weight range, 650 to 1,560 g). There were 28 boys and 24 
girls, including 13 twins. There were two hospital deaths 
in this group resulting from complications of prematurity, 
and 5 infants were never weaned from the ventilator 
during hospitalization because of severe bronchopulmo- 
nary dysplasia or laryngomalacia. 

Group 3 consisted of 29 patients of at least 30 weeks and 
less than 33 weeks GA (weight range, 1,000 to 2,155 g). 
There were 15 boys and 14 girls, including 5 twins. There 
was one Hospital death in this group resulting from 
complications of prematurity. Three infants were not 
weaned from the ventilator or were transferred. 

Overall, there were no operation-related deaths. Three 
patients who died and the 12 who were not weaned from 
the ventilator or were transferred to other hospitals were 
not included in the calculation of time from operation to 
ventilator weaning (Table 2). Most infants were operated 


Table 2. Ventilator Weaning in 84 of 99 Infants After 
Operation for Patent Ductus Arteriosus* 








Variable Group 1  Group2 Group 3 All 

No. of patients 14 45 25 84 

Days to ventilator 49.9 25.2 9.1 24.97 
weaning 

Gestational age at 32.8 32.9 33.2 32.97 
ventilator 


weaning (days) 


ê Three infants who died and 12 who were transferred to other hospitals 
were not included in these calculations. 
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Table 3. Results and Complications 





Variable Group 1 Group2 Group3 All 

Age at diagnosis (days) 5.0 4.9 5.2 5.0 

Age at operation (days) 6.3 7.2 7.5 7.12 

Days to total parenteral 16.7 9.9 4.8 9.6 
nutrition weaning , 

Bronchopulmonary 9 (50%) 6(12%) 5(17%) 19% 
dysplasia 

Necrotizing enterocolitis 1 (5%) 5 (9.6%) 1 (3%) 7% 


on between 36 and 72 hours after the diagnosis of symp- 
tomatic PDA was made (Table 3). The average age at 
ventilator weaning was approximately 33 weeks from 
conception in all groups (Table 2; Fig 1). The number of 
days from operation to weaning from total parenteral 
nutrition and starting complete oral sustenance appeared 
to be related to GA at birth, with group 1 taking much 
longer than group 3 (16.7 versus 4.8 days). Bronchopul- 
monary dysplasia occurred in 12% and 17% of patients in 
groups 2 and 3, respectively, but in 50% of group 1 
infants. Necrotizing enterocolitis occurred in 7% overall. 
Change in blood pressure ranged from 0 to 27 mm Hg 
with closures. No complications were directly related to 
operation. One infant had prolonged hypotonia from the 
anesthetic agent Tracrium. 


Comment 


Surgical closure of the PDA in symptomatic neonates has 
been clearly shown to decrease morbidity and mortality in 
the disorder [3-5]. Medical management alone using fluid 
restriction, diuretic agents, digoxin, and transfusion re- 
sults in a prolonged course of total parenteral nutrition 
and intravenous fluid restriction and more pronounced 
ventilator requirements. 

Indomethacin for closure has been advocated as, or 
shown to be, effective for infants of more than 34 weeks 
GA or with a weight of 1,500 g who have symptomatic 
PDA [6-8], but researchers have also recommended its 
routine use in symptomatic neonates of less than 34 
weeks GA, with medical management alone being re- 
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Fig 1. Gestational age (in weeks) off of ventilator (n = 84). 
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served for those of more than 34 weeks GA [9, 10]. 
Potential complications of indomethacin include renal 
dysfunction, hyperbilirubinemia, clotting abnormalities, 
gastrointestinal bleeding [11-16], and failure of treatment 
in up to 42% [6, 17-19]: It is particularly ineffective in 
smaller infants [20] and is definitely contraindicated in 
patients with renal insufficiency, thrombocytopenia, co- 
agulopathies, jaundice, necrotizing enterocolitis, and in- 
traventricular hemorrhage; up to 38% of potential patients 
have contraindications to its use [18]. Indomethacin treat- 
ment may delay surgical treatment, having a detrimental 
effect on prognosis in patients weighing less than 1,500 g 
with severe respiratory distress syndrome [8] and possi- 
bly resulting in a longer period of ventilator support [21]. 

Because surgical closure can be safely accomplished in 
neonates of any GA with little morbidity arid essentially 
no surgical mortality [6-8, 22, 23] and has the added 
advantage of instant, reliable 100% ductus closure, it has 
become the procedure of choice in our institution. Nutri- 
tional and fluid management of the infants is subse- 
quently easier. 

Surgical closure in the NICU has been recently advo- 
cated because of the decreased risk of hypothermia or 
interruption of vascular access, monitoring equipment, or 
the endotracheal tube [7, 22, 24]. It is relatively easier to 
move the operating room persorinel and anesthesia 
equipment to the NICU than to transport the neonate 
with all its paraphernalia to the operating room. Our 
patients were treated in a specially equipped operating 
room adjacent to the NICU: it is easier to perform the 
operation in the NICU with the infant in its own isolette 
without having to move it at all, as we have done since 
reviewing this series of patients. The goal is to eliminate 
risks associated with transport of these fragile human 
beings. 

We believe the best surgical approach is extrapleural. It 
is quick and easy, does riot require postprocedure chest 
tube placement, and has been: shown to decrease morbid- 
ity [25]. Application. of one or two metal clips near the 
aorta reduces the risk of recurrent laryngeal nerve injury 
and does not require complete mobilization of the ductus, 
thus theoretically reducing the risk of excessive bleeding. 
Fentanyl and pancuronium appear to be safe anesthesic 
agents. 

Cotton and colleagues [1] demonstrated earlier ventila- 
tor weaning in infants weighing less than 1,500 g with 
asymptomatic PDA treated by early surgical closure [1]. 
Bhat and co-workers [2] showed that infants treated with 
medical management alone, eatly surgical closure, and 
late surgical closure were all extubated at about 33 weeks 
of conceptional age. All of our patients underwent early 
stirgical closure; the 84 who were weaned from the 
ventilator were extubated at approximately 33 weeks 
conceptional age (see Table 2), in agreement with the 
findings of Bhat and co-workers. Prolonged ventilation 
times are believed to increase the risk of bronchopulmo- 
nary dysplasia [26]. Group 1 patients required an average 
of 49.9 days of mechanical ventilation compared with 25.2 
and 9.1 days for patients in groups 2 and 3. Bronchopul- 
monary dysplasia occurred in 50% of group 1 patients and 
only 12% and 17% of patients in groups 2 and 3. This 
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reflects the severity of the underlying pulmonary disease 
and the extended ventilation time in group 1 patients. The 
incidence of bronchopulmonary dysplasia will probably 
always be high in infants with symptomatic PDA of less 
than 27 weeks GA because of the immaturity of the lungs 
and the need for ventilator support to-33 weeks of 
conceptional age. The need for positive end-expiratory 
pressure and high oxygen levels in this group can only 
contribute to permanent lung injury. 

All groups were weaned fairly quickly from total paren- 


teral nutrition to an enteral diet (4.8 to 16.7 days), but this 


is an independent factor as we have no group with which 
to compare the patients in this retrospective study. The 
incidence of necrotizing enterocolitis was fairly uniform 
throughout the groups and appears to be consistent with 
reported rates in both surgically atid indomethacin- 
treated groups [6-8]. 

In conclusion, surgical closure of a symptomatic PDA in 
the neonate has many advantages and none of the disad- 
vantages of indomethacin treatment. It is safe and in- 
stantly effective and allows easier mariagement of fluids, 
nutrition, and ventilator support postoperatively. The 
operation can be performed safely and efficiently in the 
NICU using operating room personnel, eliminating the 
risks of transport to the infant. Age at operation appears 
to have no effect on the time of ventilator weaning and 
extubation; all infants tend to be ready for extubation at 33 
weeks of conceptiorial age regardless of GA at birth. 
Those of lesser GA are at increased risk for development 
of bronchopulmonary dysplasia. Institution of tube feed- 
ing can occur shortly after operation when fluid status Has 
stabilized, with giadual progression to complete enteral 
feeding. 


Addendum 


From January 1988 to January 1989, 27 additional patients 
have been operated on with no morbidity or deaths 
related to the operation. 
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To evaluate an apparent perception that there is no 
difference in reliability among the products of the major 
cardiac pacing system manufacturers, an extensive re- 
view of US Food and Drug Administration regulatory 
actions was performed. The study period was July 1974 
through June 1987. The total number of affected devices 
was collected for each manufacturer. Available sales data 
were used to calculate their percentage of recalled prod- 
ucts during two time periods. The percentage of poten- 
- tially high-risk devices (Food and Drug Administration 
class I and II recalls) was high for one company, moder- 


Mž physicians involved in cardiac pacing believe 
that reliability is of paramount importance in de- 
vice selection. At the same time, few functional or reli- 
ability differences are generally perceived to exist among 
the products of different pacemaker manufacturers [1-3]. 
To determine the correctness of this assumption, a review 
was undertaken of US Food and Drug Administration 
(FDA) actions affecting the products of the seven manu- 
facturers whose devices account for the majority of North 
American implants [1]. 


Material and Methods 


Food and Drug Administration actions were collected 
according to recall classification, device, manufacturer, 
and year. Although FDA recall definitions [4] have re- 
mained relatively constant over the survey years (Appen- 
dix), consideration of actions not formally classified as 
recalls has varied. Originally, most unclassified actions 
were designated as Advisories, but beginning in 1984 the 
term Medical Device Safety Alert was introduced for volun- 
tary communications from manufacturers and related 
organizations. Because the present Safety Alert definition 
includes “risk of substantial harm,” there is some overlap 
with class I and II recall definitions. Although not used to 
date, unclassified actions initiated at the request of the 
FDA are now termed Medical Device Notifications. For this 
report, all Advisories and Safety Alerts have been com- 
bined into a single category. 

The source of the recall data was FDA records, includ- 
ing FDA Enforcement Reports and the Summary Report of 
Pacemaker and Lead Recall Statistics obtained through pro- 
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ate for one, and relatively low for the rest. Potential 
biases in some other sources of reliability information, as 
well as implications for regulatory policies, are dis-. 
cussed. The data reported establish that there have been 
past deficiencies in recall management. Although further 
pacing device recalls are probable, appropriate early 
regulatory and manufacturer action should help to assure 
that both the immense cost and patient distress caused by 
pacer and related product problems in the past can be 
minimized in the future. 

(Ann Thorac Surg 1989;48:390-6) 


visions of the US Freedom of Information Act [5, 6]. Each 
implantable rhythm control system consists of a pulse 
generator and one or more electrodes. Because of the 
integral role of accessory equipment such as programmers 
and the tendency or necessity to use components from the 
same manufacturer together, each implant was consid- 
ered a multicomponent system. Patient risk can stem from 
malfunction of any of the pacing system components. 

Recall data were collected for the 13-year period be- 
tween July 1974 and June 1987. The year 1974 was chosen 
as the beginning of the study because few of the products 
that led to major recalls were in distribution before that 
time. In addition, Cardiac Pacemakers Inc, Intermedics, 
and Pacesetter, which together supplied one third of the 
pacemakers implanted in North America during the study 
period, began substantial distribution of their products 
during this period. This was also the beginning date of 
Performance of Implantable Cardiac Rhythm Management De- 
vices [7], a multicenter study that regularly reports annual 
survival rates for selected models of implantable devices 
for most of the major pacemaker manufacturers and is 
widely quoted. 

To allow normalized comparison between manufactur- 
ers, unit sales data were collected from independent 
commercial sources [8-13]. Sales estimates for the United 
States are available for five companies for the entire 
13-year period, and worldwide sales estimates are avail- 
able since 1980 for six of the seven manufacturers having 
a major role in North American pacing. Comparisons 
were limited to FDA class I and II recalls as, by definition, 
these products are associated with potentially serious 
adverse health consequences for recipient patients. 

Although Advisories and Alerts may encompass trivial 
to life-threatening problems, no attempt has been made to 
subclassify the more serious occurrences or to include 
them in the comparative data. Similarly, more accurately 
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Table 1. Devices Subjected to FDA Classified Recalls and Advisories by Class: July 1974 Through June 1987 








Cardiac 
Pacemakers 
Class Cordis* Medtronic Inc Telectronics Intermedics Biotronik Pacesetter 
A: Implantable cardiac pulse generators 
I 52,664 0 1,693 3,727° 0 1,050 690 
I 7,629 25,3445 1,511% 50 1,547 0 8 
1 5 0 0 0 0 0 
Advisory, Safety Alert 33,270° 21,517 19,000 11,013 3,698 419 0 
Total pulse generators 93,568 46,861 22,204 14,790 5,245 1,469 698 
B: Leads 
I 0 26,7618 0 0 0 0 0 
H 83 0 0 0 207 0 0 
m 20 0 0 0 0 0 0 
Advisory, Safety Alert 9 17,900" 0 0 9 0 0 
Total leads 103 44,661 0 0 207 0 0 
C: Programmers 
I 0 0 0 0 0 0 (è; 
H 4,370 6,450 0 0 0 0 0 
i 0 174 0 0 1,099 0 0 
Advisory, Safety Alert 5,046 0 0 0 0 0 0 
Total programmers 9,416 6,624 0 0 1,099 0 0 
Total all categories 103,087 98,146 22,204 14,790 6,551 1,469 698 
Total classes I and II 64,746 58,555 3,204 3,777 1,754 1,050 698 


a Companies listed in order of total devices classified by FDA. ? The FDA class I Telectronics Optima-MPT models 5281 and 5282 recall of June 3, 1987, 
does not include any estimate of the number of units implanted outside the US even though international! distribution is noted. The number of units at 
risk worldwide was 9,272, including the 3,727 in the US (see Table 1), 4,805 in Europe, and 740 elsewhere [14]. € Not including the November 7, 1984, 
class II recall of Medtronic Versatrax and Byrel SX units distributed outside the US, as no estimate of numbers involved is provided in the FDA 
report. 4 Not including any devices from the April 14, 1982, class II recall of Cardiac Pacemakers Inc Microthin Dls, Pls, Dlls, and Plls. No estimate 
of the number of units is provided in FDA reports, although the serial numbers listed indicate that several thousand pacers were involved. © Not 
including the June 24, 1987, extension of the Cordis Sequicor II, Sequicor III, Gemini Theta, and Gemini III Safety Alert to include additional serial numbers, 
as the number of units is not given in the FDA report. f Not including the January 7, 1987, extension of the Telectronics Autima Safety Alert to include 
all serial numbers and codes, as no estimate of the additional number of units involved is provided in FDA reports. 8 Not including the June 25, 1980, 
class I recall of 2,877 Medtronic Temptron pacing leads distributed to Australia, Canada, Hong Kong, Japan, the US, and Venezuela, as they did not form 
part of a permanent implantable system. Not including the initial class I recall of Medtronic bipolar model 6,972 leads distributed to Canada and at least 
six other countries outside the US, as no estimate of the number of additional Jeads is provided in the FDA reports of March 14 and June 27, 1984. The 
number of devices at risk worldwide at that stage was more than 29,807: 26,761 in the US (see Table 1) and 3,046 in Europe [15]. Not including the July 
25, 1984, extension of the class I recall of the Medtronic bipolar model 6972 lead to include all devices manufactured between December 1979 and February 
1982, as no estimate of the additional numbers involved is provided in the FDA report. Before this extension, the 6972 recall had been limited to leads with 
serial numbers followed by the suffix “R” and suffix “V” leads with serial numbers lower than ND 0034059V [15]. Not including reports of involvement 
of all Medtronic 6972 leads, including those manufactured after 1982. Sales continued into 1984. The number of bipolar 6972 leads at risk approximates 
50,000, with an FDA estimated 20% failure rate by 3 years [16]. " Not including extension of the Safety Alert initially covering approximately 14,000 
Medtronic bipolar 4002 Ring Tip leads to include more than 18,000 US implants and 40 leads implanted in Spain and Norway [17]. This table also does 
not include 16,210 Cordis and Medtronic lead introducer kits distributed in Canada, Europe, South America, and the US subject to class IJ recall in 1981, 
as these devices did not form part of a permanent implantable system., 


defined numerical data on problem devices available from the one having the highest number of actions first, the 
sources other than the FDA were not included in the lowest last. The order remains essentially the same when 
calculations of comparative risks but are included for class I and II actions are considered separately. Further- 
completeness in the footnotes to Table 1. Restricting more, although the total number of recalled devices 
comparisons to only FDA data was considered the most would increase for each of the four companies with the 
reliable approach, as other sources of information may not highest number of recalls if the data in the footnotes were 
be equivalently available for all pacing products. added, the order again would not change. 

Table 2 summarizes all pacemaker and related-device 
FDA actions by year and manufacturer. Almost 250,000 
devices were recalled during the period reviewed, with 
Table 1 summarizes all pacemaker and related-device quite dramatic year-to-year variations for several of the 
FDA actions by class for the 13-year study period and companies, as shown graphically by the cumulative totals 
shows the totals for each manufacturer for all categories. in Fig 1. Cordis had substantial recalls during 1975 and 
The companies are listed in order from left to right, with 1976 and then had 7 essentially trouble-free years before 
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Table 2. Number of Devices Subjected to FDA Classified Recalls and Advisories by Year: July 1974 Through June 1987 








Cardiac 
Pacemakers 

Year Total Cordis Medtronic Inc Telectronics Intermedics Biotronik Pacesetter 
1974 1,333 283 0 0 0 0 1050 0 
1975 17,641 17,638 3 0 0 0 0 0 
1976 22,574 1,222 20,452 0 0 900 0 0 
1977 1,548 0 1,100 0 0 448 0 0 
1978 738 0 0 738 0 0 0 0 
1979 121 0 0 0 0 113 0 8 
1980 39,020 20 20,000 19,000 0 0 0 0 
1981 3,750 8 44 0 0 3,698 0 0 
1982 522 0 427 ` 9 0 86 0 0 
1983 3,245 0- 3.000 245 0 0 0 0 
1984 42,364 10,548 30,123 1,693 0 0 0 0 
1985 43,891 41,259 1.473 0 50 0 419 690 
1986 46,672 30,903 3.624 0 10,839 1,306 0 0 
1987 23,526 1,206 17.900 519 3,901 0 0 0 

Total 246,945 103,087 98.146 22,204 14,790 6,551 1,469 698 


major problems recurred between 1984 and 1987. All 
other manufacturers, with the exception of Biotronik, 
began with very low rates of recall, but problems occurred 
early and relatively frequently for Medtronic and sporad- 
ically for the other companies. Telectronics’ pattern is 
_ unique, with no recalls from 1974 through 1984, followed 
` by 2 bad years in 1986 and 1987. This was not related to 
Telectronics absorption of Cordis; because where amal- 
gamations occurred products remained assigned to the 
original manufacturer. 
Table 3 relates class I and II recalls for July 1980 through 
June 1987 to worldwide unit sales for 1980 through 1986 
inclusive. Data for this period were available for six of 


Fig 1. Cumulative number of devices 
recalled for the manufacturers in- 
cluded in this report. 
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seven manufacturers. The percentage of affected implants 
was determined, except for Biotronik, for which indepen- 
dent estimates of sales were not obtained. Thus, a nor- 
malized comparison of recall rates is provided for most 
North American pacer implants for the first 7 years of the 
current decade. 

Table 4 relates 13-year class I and II recalls to US unit 
sales during 1974 through 1986 inclusive for companies 
for which sales data were available. A recall percentage 
was calculated for each manufacturer. Comparative data 
cannot be provided for Telectronics and Biotronic, but for 
the other five manufacturers the pattern of Table 3 is 
confirmed (ie, one company had a very high FDA recall 
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Table 3. Devices Subjected to Class I and II Recalls as a 
Percentage of Estimated Worldwide Pacing System Sales 
1980-1986 





No. No. %o 
Company Sold? Recalled?” Recalled 
Cordis 208,000 45,603 21.9 
Medtronic 629,000 37,000 5.9 
Telectronics 150,000° 3,777 2.5 
Cardiac Pacemakers Inc 125,000 2,466 2.0 
Pacesetter 151,000° 690 0.5 
Intermedics 242,000 293 0.1 


* Data are from references 9-13. > Data are trom references 5 and 
6. € Reference 13 estimates Telectronics sales as follows: 1981, 18,500; 
1982, 20,100; 1983, 21.900; 1984, 23,000; 1985, 24,000; 1986, 25,000. From 
these data, it is projected that 1980 sales were in the range of 17,500 
units. d Reference 11 indicates that Pacesetter has had about 10% of 
total pacemaker sales. Taking 10% of worldwide implants for 1986 from 
reference 12 gives an estimated 26,700 units sold in 1986. 


rate and the rates of the others ranged from moderate to 
low). 


Comment 


It is evident that the rates of FDA-classified serious recall 
have differed appreciably among companies manufactur- 
ing pacemakers and related products. Although almost 
250,000 devices were involved during the 13-year study 
period, the number of affected patients may be less 
because an individual could have received both a poten- 
tially defective pacemaker and lead. However, this has 
probably happened infrequently as no manufacturer has 
had major simultaneous recalls of both pulse generators 
and leads. On the other hand, a single malfunctioning 
programmer could potentially adversely affect a number 
of patients. 

Most pacing systems were highly reliable, but a few 
products and some specific componenis were associated 
with a relatively high rate of potentially catastrophic 
failure. Of even greater concern, there was no overall 
tendency toward improvement with time (Table 2). Ap- 
proximately 40% of all recalls during the 13-year study 
period were recorded within the last 30 months, even 
though the number of units implanted annually peaked in 
1981 [8-13]. Only one company had experienced no class 
I recalls by the end of the study period, and with the 
increasingly complex nature of pacemaker and related 
product technology further FDA actions will inevitably be 
required. However, because all major pacer manufactur- 
ers are involved in development of dual-chamber and 
antitachycardia devices, the inherent risks should be 
similar. Furthermore, relatively few problems have been 
related to these newer, more complex devices despite 
their increased battery energy requirements. 

The percentage of pacing products at risk may be 
underestimated for some companies by the comparative 
statistics. In several actions, as indicated in the footnotes 
to Table 1, the precise number of units involved has not 
been identified by the FDA, even when the number has 
been available from other sources [14-16]. Especially 
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when a recall has been extended from a preliminary, 
relatively small number of devices to include all of a 
product distributed within a certain time or serial number 
range, apparently no attempt has been made to provide 
the additional number of units at risk even when large 
[14, 16]. Furthermore, on at least two occasions, a sub- 
stantial number of units were never classified even 
though they were very similar to those involved in a 
previous class I or II recall [16-18]. 

Presenting class I and II recalls as a percentage of 
worldwide sales (Table 3) may also underestimate the 
problem because the number of US-manufactured re- 
called units distributed internationally is not always de- 
tailed in FDA data and non-US-manufactured devices are 
only classified by the FDA if recalled after distribution in 
the US. Using worldwide sales is still advantageous as it 
allows normalized comparisons of all but one of the 
companies whose pacing products have been extensively 
used in North America during the last 7 years. 

Relating the number of units recalled to US sales (Table 
4) might slightly overstate the percentage of devices at 
risk if most internationally distributed units were consis- 
tently documented in FDA recall data. However, as indi- 
cated in the footnotes to Table 1, this was seldom true. 
The advantage of this measure is the comparison it allows 
of the five major North American pacemaker distributors 
throughout the 13-year period for which sales estimates 
are available. 

The 13-year recall study period was July 1974 through 
June 1987. The 13-year sales figures are offset 6 months 
earlier—January 1974 through December 1986. This cov- 
ers the most recent pacemaker sales data available and, as 
recalls are initiated some time after distribution and im- 
plantation of a device, the small time offset is appropriate. 
The study period is essentially identical to that of the 
regularly reported Performance of Implantable Cardiac 
Rhythm Management Devices referred to previously [7]. 
However, the actuarial device survivals in that report 
appear much better than would be expected from the class 
I and II recall rates and from the overall incidence of FDA 
actions recorded. 

The potential for this type of discrepancy has been 
noted previously [19]. As one example, pulse generators 
powered by lithium iodine and lithium cupric sulfide 
chemistries show similar actuarial survivals in the report 


Table 4. Devices Subjected to Class I and II Recalls as a 
Percentage of Estimated US Pacing System Sales 1974-1986 


No. % 
Company* Sold® Recalled" Recalled 
Cordis 199,300 64,746 32.5 
Medtronic 594,500 58,555 9.8 
Cardiac Pacemakers Inc 104,900 3,204 3.1 
Intermedics 206,600 1,754 0.8 
Pacesetter 107,200 698 0.7 





* Biotronik and Telectronics are omitted from this table as independent 
estimates of US sales were not available for this period. P Data are from 
references 8-12. © Data are from references 5 and 6. 
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by Bilitch and colleagues [7]. In contrast, approximately 
40% of all FDA recalls have affected the one manufacturer 
who uses primarily the lithium cupric sulfide power 
source against only 16% of study period sales. Similarly in 
1985, slightly more than half of the “no-output” cases for 
all of Europe involved Cordis units. The next worst 
performance was 10% for a European company with 
minimal North American sales [20]. This does not imply 
that manufacturers using lithium iodine power cells have 
not occasionally also produced products with shortened 
pulse generator life as compared with original projections 
[21]. 

There are several reasons why Performance of Implantable 
Cardiac Rhythm Management Devices may overestimate the 
reliability of some implantable devices. First, models are 
dropped if “their performance declined either by general 
removal, recall or failure rate” to the point that there are 
few units or “the actuarial survival is low” [7] (ie, devices 
with very poor performance are deleted from that report). 
Second, what the authors describe as “general withdraw- 
als’and “elective withdrawals” reduce the database 
rather than the actuarial survival. For patients lost to 
follow-up, this should not change perceptions of reliabil- 
ity. For models with units removed from the database 
because of recalls or “physician concern about perfor- 
mance of a particular pulse generator” or concerns related 
to lead failure, the actuarial survivals reported may be 
much better than the freedom from intervention interval 
experienced by patients who have a similar product 
implanted. According to the authors, “it would be inap- 
propriate to conclude from these data that any implant- 
able cardiac rhythm management device would have a 
particular functional reliability” [7]. Third, although the 
sample appears large (more than 15,000 pulse generators 
followed), it is small compared with the more than 
1,300,000 devices implanted in North American patients 
during the same period. Performance of Implantable Cardiac 
Rhythm Management Devices gives a reasonable assessment 
of random failures, but it obscures the very substantial 
occurrence of problems for patients and for physicians 
who follow those patients related to the relatively high 
percentage of recalls documented for some products. 

Evaluation cf the reliability of pacing leads is compli- 
- cated by the frequent abandonment and nonremoval of 
dysfunctional implants. Because failed leads are often not 
returned for analysis, they may not be counted in a 
manufacturer’s database. This compromises estimates of 
lead reliability. In addition, mechanical design consider- 
ations can have a substantial impact on lead reliability. For 
example, the relative advantages and disadvantages of 
bipolar versus unipolar pacing have been the subject of 
prolonged debate. Recent opinion favors the bipolar con- 
figuration because of potentially decreased risk of 
crosstalk, chestwall stimulation, and myopotential inhibi- 
tion [22, 23]. Recommendations for essentially universal 
conversion to the bipolar approach should be tempered 
by the knowledge that most serious lead recalls classified 
by the FDA have been associated with mechanical failure 
of bipolar designs. 

Although many recent lead problems have been attrib- 
uted to failure of segmented polyurethane insulating 
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sheaths, virtually no insulation problems have been re- 
ported with designs in which polyurethane was not 
subjected to high amounts of stress during manufacture 
[24]. The complexity of the problem is illustrated by the 
Medtronic 6971, a unipolar lead using essentially identical 
materials and similar “interference-fit” manufacturing as 
its bipolar counterpart, the 6972. Although its failure rate 
is higher than those of leads of other manufacturers and 
earlier silicone-insulated leads, the 6971 has exhibited a 
much lower failure rate than the bipolar 6972, 2% to 3% at 
2 years [15, 25] versus up to 20% at 3 years [16]. 

Furthermore, there is no reason to assume that the 
newer in-line bipolar configurations will be structurally 
more reliable than side-by-side designs of the past. Bipo- 
lar construction requires two independent conductors and 
insulating sheaths. The increased complexity of the distal 
in-line electrode arrangement [15], the increased lead 
body stiffness, and the relatively delicate nature of the 
short separation between anode and cathode in the lead/ 
generator connection of the implanted system [26] may 
make the risk even greater. In-line bipolar designs will 
persist because they allow smaller devices and thus the 
potential for greater patient comfort but, for the foresee- 
able future, there is a risk that they may compromise 
reliability and shorten the functional life of implanted 
pacing systems. 

With its limited budget and manpower, the role of the 
FDA in handling the increasing numbers of recalls related 
to implantable cardiac rhythm control devices in the last 
10 years has been difficult. This is emphasized by the 
recent tendency to limit the use of recalls and to rely often 
on Medical Device Safety Alerts, even in potentially 
life-threatening situations. 

Unfortunately, actions have been inconsistent both 
with respect to individual manufacturers and particular 
devices. For example, more than 10,000 Cordis Gamma 
series pacemakers were subject to class I recall in 1984 
because early battery depletion led these devices to oper- 
ate at their end-of-life rate for 2 months rather than an 
expected 6 months before failure [6]. Thus, for patient 
safety, increased monitoring frequency and earlier re- 
placement were required. In contrast, more than 1,200 
Cordis Stanicor Lambda models subject to high risk no- 
output failure (1987) and 1,200 Cordis Gemini models at 
risk for crosstalk inhibition of ventricular output (1985) 
were classified as Medical Device Safety Alerts [6]. It is 
notable that, in contrast to the Gamma series, these 
potentially lethal problems are not always predictable by 
increased follow-up, no matter how frequent. 

As an example of variability in the FDA's handling of a 
single model series, more than 40,000 Medtronic Xytrons 
were recalled in six separate actions in a 6-year period, all 
for premature failure related to moisture intrusion, with a 
high risk of ‘‘no-output modes” [6, 18]. The first five 
recalls were identified as class II; the last recall involving 
20,000 units was identified as an Advisory. No action was 
taken on numerous other Xytrons although independent 
follow-up indicated that all were of similarly high risk [18, 
19, 27} (ie, up to 12% to 15% incidence of sudden death 
[19]) and that the number of units at risk and the magni- 
tude of the risk was consistently underestimated [18]. The 
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design of this device was questioned even before its first 
recall [28], but it was subject to only minor modifications 
throughout its distribution [19]. Apparently no substan- 
tial effort was ever made to limit its availability. 

In contrast, all Hancock pericardial patches were re- 
cently removed from the market by the Canadian Bureau 
of Radiation and Medical Devices because a limited num- 
ber had been incorrectly labeled for species of origin. This 
was not associated with any known patient risk. Hope- 
fully in the future, enforcement agencies will spend more 
time and effort defining and dealing with medically high- 
risk situations, even though elusive, and react less 
harshly to bureaucratically annoying, easily definable 
errors like mislabeling if no patient risk is involved. 

The previously detailed pacer system problems, in 
combination with ten recent actions each involving more 
than 10,000 devices [6], make it apparent that greater 
efforts are required by the FDA and manufacturers to 
initiate recalls earlier. The ostrich approach to potential 
problems has unnecessarily extended the range and du- 
ration of several recalls [15, 16, 18, 19, 25]. One highly 
respected authority has stated “it is obviously advanta- 
geous for the manufacturer to delay admission of quality 
detects for as long as possible” [29]. This serious indict- 
ment of the monitoring and enforcement agencies has 
been independently confirmed. As a result of its review of 
the FDA’s handling of the 6972 lead problems, the US 
Department of Health and Human Services through its 
Office of Inspector General recently recommended that a 
task force be set up to review and improve FDA objectiv- 
ity and timeliness. Earlier responsible action should help 
limit the risk to patients, health care providers, and 
manufacturers. 

To facilitate collection of accurate E data, the 
various North American agencies regulating introduction 
and implantation of pacemakers should demand a best 
approximation of the number of units involved in each 
action rather than provide partial or-even no numerical 
data, as in at least three recent classifications. Every 
potentially life-threatening situation should be objectively 
classified as I, II, or II based on the available data. The 
current trend of allowing the spectrum of trivial through 
life-threatening situations to be handled as Medical De- 
vice Safety Alerts should be ended. 

Given the frequency of both lead and implantable pulse 
generator failures and recalls, selection and implantation 
of a pacemaker that provides noninvasive determination 
of the implanted power source’s voltage and impedance, 
lead impedance, and functional performance data will 
improve both patient and follow-up system security. Not 
all devices in any recalled series will necessarily fail early 
[30]. For example, even though the 6972, 4002, and 6991U 
leads are acknowledged to have increased failure rates, 
80% or more of these devices are functioning normally 3 
years after implantation. Although only a few patients 
harboring a recalled product usually require reoperation, 
all such patients need reassurance and frequent accurate 
follow-up. 

Sequential change in stimulation impedance is now 
widely accepted as a method of trouble-shooting sus- 
pected lead failure [30, 31]. Pacemakers with proven 
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real-time telemetry systems allow noninvasive identifica- 
tion (including transtelephonic with two manufacturers’ 
devices) of patients at risk and appropriate reassurance of 
those not at risk [31]. Furthermore, the frequency with 
which recalls have been caused by inadequate or lost 
indirect (rate related) end-of-life indicators is remarkable 
[32]. Many of these problems could have been safely 
managed with appropriate telemetry, which may allow 
the clinician to anticipate and diagnose problems before 
they become clinically apparent. The availability of real- 
time telemetry within an implanted device will, in some 
instances, decrease patient risk due to a potential lead or 
pulse generator problem to a level at which a lower class 
FDA recall may be justified. 


Conclusion 


Over the past 13 years, there have been appreciable 
differences among pacemaker manufacturers in the inci- 
dence of product failures and problems leading to recall. 
Pacing system failures and large recalls have not been 
eliminated despite replacement of much less reliable mer- 
cury zinc batteries with lithium power cells and replace- 
ment of epoxy enclosures with hermetically sealed metal 
cases. Diligent follow-up of all patients with implanted 
pacing systems is still required. 

Given the frequency of both lead and implantable pulse 
generator failures and recalls, selection of a system that 
permits early identification, analysis, and monitoring of 
problems seems prudent. Specifically, devices that pro- 
vide noninvasive determination of the implant’s battery 
voltage and impedance, lead impedance, and functional 
performance data (so-called measured or real-time telem- 
etry) should be used preferentially, assuming they pro- 
vide the ie ds capabilities required by the particular 
patient. 

The efficiency and safety of recall management and 
follow-up have been impeded by inconsistent regulatory 
actions. Recalls continue to be a risk for all manufacturers 
and patients, but when problems occur, responsible ac- 
tion should be initiated much sooner than was often the 
case in the past. The use of nonclassified actions like 
Medical Device Safety Alerts should be limited, and all 
life-threatening situations should be classified with con- 
sistency. The number of devices involved should be 
accurately determined. 

This report should encourage open discussion and 
analysis of the sensitive recall issue as well as improve- 
ments in the reliability of cardiac pacing system products. 
Because of the difficulty in assembling and interpreting 
this information, the inconsistency of regulatory actions, 
and the deficiencies in current reporting and dissemina- 
tion, it is understandable that government agencies, phy- 
sicians, and hospital administrators may perceive no 
difference in reliability between various products. 

The dramatic improvements in pacemaker adaptability 
and effectiveness achieved over the last 13 years, in 
association with improved cost-effectiveness, are not ne- 
gated by the details of this report. However, ample room 
remains for further improvement. 
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medically reversible adverse health conse- 
quences, or in which the probability of serious 
adverse health consequences is remote. 

Class Ill: A situation in which the use of, or exposure to, 
a violative product is not likely to cause adverse 
health consequences. 


Medical Device Safety 
Alert/Medical Device Notification 


Any communication issued by a manufacturer, distribu- 
tor, or other responsible party, or the FDA to inform 
health professionals or other appropriate persons or firms 
of a risk of substantial harm from a medical device in 
commercial use. Safety alerts are issued voluntarily; noti- 
fications are issued at the request of the FDA. 
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This study was designed to test the hypothesis that 
asanguineous reperfusion with a standard crystalloid 
cardioplegic solution results in improved myocardial 
salvage after a period of global ischemia. Four groups of 
6 dogs each were placed on cardiopulmonary bypass. 
Control group A (work only) performed two hours of 
controlled work by contracting against a saline-filled left 
intraventricular balloon. Control group B (ischemia only) 
underwent 45 minutes of global normothermic ischemia 
before simple blood reperfusion while supported on 
bypass. Groups C and D were subjected to ischemia and 
reperfusion: as in group B, followed by controlled work 
stress as in group A. Group D, however, received 500 mL 
of St. Thomas’ Hospital solution immediately before 


revious research into myocardial protective strategies 
L has focused primarily on the ischemic phase. A 1985 
review by McGoon [1] catalogued the key articles on 
myocardial protection into 43 separate categories, only 
one of which concerned modification of reperfusion con- 
ditions. The traditional concept that the degree of tissue 
injury resulting from an ischemic insult is determined 
primarily by the length of the ischemic period has been: 
challenged by many investigators. Buckberg [2] con- 
cluded that “[t]he fate of myocardium jeopardized by 
global or regional ischemia is determined more by the 
careful control of conditions of reperfusion and composi- 
tion of the reperfusate than by the duration of ischemia 
itself.” The vast majority of experimental and clinical 
studies relating to the spectrum of myocardial ischemia 
injury have used unmodified blood as the reperfusate 
medium. However, both theoretical rationales and exper- 
imental studies suggest that simple blood reperfusion 
may exacerbate tissue damage after an ischemic insult. 
One rational approach to protection during reperfusion 
is administration of an arresting solution immediately 
before blood reperfusion. By prolonging arrest during the 
initial reperfusion phase, metabolic processes could be 
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blood reperfusion. Morphological analysis showed no 
significant injury in groups A and B, whereas group C 
had 11.4% + 2.4% necrosis of heart mass versus 2.5% + 
1.1% in group D (p < 0.001). Biochemical data from left 
ventricular biopsies showed no significant differences 
between groups B, C, and D. Functional analyses 
showed deterioration of diastolic compliance in group C 
(p < 0.05), although a significant difference in systolic 
functional indexes could not be detected. Myocardial 
protection and salvage was improved by initial reperfu- 
sion with an asanguineous cardioplegic solution versus 
reperfusion with blood alone. 


(Ann Thorac Surg 1989;48:397-403) 


better channeled toward cellular repair rather than ex- 
pending needless energy on electromechanical activity. 
This method was investigated by Follette and colleagues 
[3] using a blood-based arresting solution with modifica- 
tion of the ionic composition. Menasche’s group [4, 5], 
however, examined use of an asanguineous reperfusion 
solution in both experimental and clinical studies. They 
favored a crystalloid solution over modified blood as the 
reperfusate, citing the greater ease and consistency in 
preparing a crystalloid solution to a given pH, osmolarity, 
and ion and substrate composition as opposed to making 
such adjustments intraoperatively to blood taken from the 
cardiopulmonary bypass (CPB) circuit. One of the goals of 
the present study was to determine whether improved 
myocardial salvage could be obtained using a standard 
cardioplegic solution (St. Thomas’ Hospital [STH] solu- 
tion) for initial reperfusion. 

A second purpose of the study was to attempt a more 
rigorous test of the effects of asanguineous reperfusion on 
myocardial protection by subjecting dogs to conditions of 
CPB, normothermic ischemia, blood reperfusion, and 
controlled work stress. The work of Menasche’s group [4, 
5] with an isolated rat heart preparation used oxygenated 
crystalloid perfusion instead of blood and did not allow 
comparable control of hemodynamic and work variables. 
Assessment of myocardial protection in this study was 
made on the basis of biochemical and functional data as 
well as a distinct, irreversible, morphological “end point”: 
myocardial necrosis as defined by tetrazolium staining. 
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Controlled Work Stress 
30 min i 2h 


Fig 1. Experimental protocol for groups A through D (CPB = cardiopulmonary bypass; STH = St. Thomas’ Hospital solution infused before 


reperfusion in group D only.) 


Material and Methods 


Experimental Groups 


The protocol for the experimental groups is shown in 
Figure 1. Four groups of 6 dogs each were placed on CPB 
according to tne surgical protocol. Control group A re- 
ceived no ischemic insult but were made to perform two 
hours of isovolumic work by contracting against a saline- 
filled left intraventricular balloon while supported on 
CPB. Control group B hearts were rendered globally 
ischemic by aorta cross- clamping for 45 minutes at 37°C 
followed by simple blood reperfusion for 30 minutes and 

; then support on CPB for two hours. Dogs in group C were 
subjected to the same conditions for normothermic isch- 
emia and reperfusion as in group B but were then work- 
stressed for two hours as in group A. Group D dogs 
underwent the same protocol as group C dogs except that 
500 mL of cald (4°C) STH cardioplegic solution was 
infused into the aortic root just before the cross-clamp was 
released. The composition of the STH solution (in milli- 
moles per liter) was as follows: sodium chloride, 110.0; 
potassium chloride, 16.0; magnesium chloride, 16.0; cal- 
cium chloride, 1.2; sodium bicarbonate, 10.0. 

Control groups A and’B were included in the experi- 
mental design to assess whether isovolumic work stress 
(group A) or 45 minutes of normothermic ischemia alone 
(group .B) resulted in significant necrosis to the extent 
produced by the combination of ischemia and work stress 
in group C. Firally, in group D, the effect of asanguineous 
reperfusion on the degree of myocardial injury produced 
with ischemia followed by controlled work stress was 
assessed. 


Surgical Protocol 

Twenty-four mongrel dogs weighing 25 to 35 kg were 
obtained from the animal care facilities of the University 
of Toronto anc received humane care in compliance with 
the “Principles of Laboratory Animal Care” formulated by 
the National Society for Medical Research and the 
“Guidelines for the Care and Use of Laboratory Animals” 
published by the National Institutes of Health (NIH 
publication No. 85-23, revised 1985). After induction of 
anesthesia with sodium thiopental-(30 mg/kg), the dogs 
were intubated and ventilated using a gas mixture of 
oxygen and nitrous oxide (1:2) with 0.5% to 1.5% enflu- 
rane. A right femoral artery catheter was placed to allow 


continuous monitoring of systemic pressure and repeated 
arterial blood sampling for hematocrit, blood gases, pH, 
and activated clotting times. Systemic and myocardial 
temperatures weré measured with thermocouple probes 
inserted into the esophagus and interventricular septum, 
respectively. 

The heart was exposed through a midline sternotomy 
and cannulated for CPB after systemic heparinization (5 
mg/kg). Venous return was provided by cannulas placed 
into the superior vena cava through the right jugular vein 
and into the inferior vena cava through the right atrial 
appendage. The left femoral artery was used for arterial 
perfusion with an 18F cannula. A 14-gauge cannula was 
inserted into the ascending aorta for venting of the left 
ventricle during the ischemic interval as well as’ for 
administration of reperfusion solution in group D dogs. 

The bypass circuit was primed with Ringer’s lactate 
solution and replenished with freshly drawn, heparin- 
ized, homologous whole blood to maintain the hematocrit 
greater thari 30%. Arterial pH was maintained between 
7.35 and 7.45, arterial carbon dioxide tension was main- 
tained between 35 and 45 mm Hg, and arterial oxygen 


tension was maintained at more than 100 mm Hg by 


adjusting gas flow and adding sodium bicarbonate as 
required. After CPB had been established, a compliant 
balloon was placed within the left ventricle through an 
apical stab wound for assessment of cardiac function and 
also for the controlled work stress period in groups A, C, 
and D. After 30 minutes of CPB, dogs in group A began 
two hours of controlled work as described below. ‘In 
group B, C, and D dogs, the ascending aorta was clamped 
for a 45-minute normothermic ischemic period. A plastic 
sheet was placed over the sternotomy, and perfusate 
temperature was adjusted to maintain interventricular 
septal temperature at 37° + 1°C. All hearts arrested soon 
after onset of ischemia and remained arrested throughout 
the ischemic period. In group D only, 500 mL of cold (4°C) 
STH cardioplegic solution was infused into the aortic root 
at the end of ischemia (Fig 1). The aortic cross-clamp was 
then released in groups B, C and D and, in all cases, 
spontaneous cardiac activity resumed within three min- 
utes of reperfusion, with defibrillation performed if re- 
quired. The hearts were maintained in the empty, beating 
state for 30 minutes of reperfusion. Group B hearts were 
supported on CPB in the empty, beating state for an 
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additional two hours while groups C and D performed 
two hours of isovolumic work on CPB by inflating the 
intraventricular balloon with saline to maintain the end- 
diastolic pressure at 20 mm Hg. 


Assessment of Left Ventricular Function 


Left ventricular function was assessed using the intraven- 
tricular balloon to obtain systolic and diastolic pressures 
through a range of balloon volumes from 10 to 50 mL in 
5-mL increments. Measurements were obtained at base- 
line after institution of CPB and were repeated after 30, 
90, and 150 minutes of reperfusion (ie, 0, 60, and 120 
minutes of work stress). The pressure/volume data were 
then used to calculate developed (peak systolic minus 
end-diastolic) pressure and end-systolic elastance (end- 
systolic elastance = slope of peak systolic pressure versus 
volume relationship). Developed pressure is expressed as 
percentage of control values at a balloon volume of 30 mL. 
This volume produced a left ventricular filling pressure 
within the physiological range (6 to 12 mm Hg) at base- 
line. Left ventricular stiffness (compliance™*) was calcu- 
lated as the slope of the end-diastolic pressure versus 
volume relationship. 


Biochemical Measurements 


Myocardial biopsy specimens were obtained by scalpel 
excision from the outer third of the left ventricular apical 
wall at baseline, at the end of ischemia, after 30 minutes of 
reperfusion, and after two hours of controlled work 
stress. Transmural biopsies were avoided to prevent rup- 
ture of the intraventricular balloon. The muscle specimens 
were immediately frozen in liquid nitrogen and dissected 
to remove blood and fibrous tissue after freeze-drying. 
Tissue levels of adenosine triphosphate, creatine phos- 
phate, glycogen, and lactate were analyzed on a Perkin- 
Elmer or ABA-100 (Abbott) spectrophotometer. 


Morphological Examination 

After the animals were killed, the hearts were excised, 
sliced transversely from apex to base in 5-mm sections, 
and incubated in triphenyl tetrazolium chloride (TTC) 
solution to delineate areas of necrosis. For verification of 
the delineation of viable and necrotic tissue by TTC, small 
biopsy specimens (1 mm?) were taken from each side of 
the stained/unstained border for electron microscopic 
examination. The stained slices were pressed between 
Plexiglas plates, and areas of viable (stained) and necrotic 
(unstained) tissue were traced onto acetate sheets for 
planimetry. The fraction of necrotic muscle per slice was 
multiplied by the slice weight, and the total sum per heart 
was recorded as percentage of heart mass. 

The electron microscopic specimens were immediately 
placed in fixative solution of 1% glutaraldehyde and 1% 
paraformaldehyde in phosphate buffer for 24 hours and 
postfixed in 2% osmium tetraoxide for one hour. The 
samples were then dehydrated in graded ethanol and 
acetone, treated with propylene oxide, and cut into 500-A 
sections after being embedded. The specimens were 
mounted on copper grids, stained with uranyl acetate and 
lead citrate, and examined with a Philips 201 electron 
microscope. Myocyte ultrastructure was assessed on the 
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Table 1. Myocardial Tissue Levels of Glycogen, Lactate, 
Adenosine Triphosphate, and Creatine Phosphate* 


Group 
Substance A . B C D 
Glycogen (mg/kg 
dry wt) 
Preischemia 60 + 40 52 + 10 34412 44+ 10 
End of ischemia sets 40+28 18+7 41+ 28 
Reperfusion 79+ 40° 52418 27+11 43+ 26 
Post-work 69 + 30 40 +19 522425 
Lactate (mmol/kg 
dry wt) 
Preischemia 31 + 16 24 +6 20+9 4+7 
End of ischemia es 160 +3 168 +27 152+2 
Reperfusion 2328 41412 53+22 48+ 24 
Post-work 22 + 6 54424 35411 
Adenosine 
triphosphate 
(mmol/kg 
dry wt) 
Preischemia 17 + 10 15+8 2027 24245 
End of ischemia See 5+2 4+3 8+7 
Reperfusion 23 + 6° 13 +4 245 1343 
Post-work 22 + 3° 1245 13245 
Creatine phosphate 
(mmol/kg 
dry wt) 
Preischemia 12+6 1245 11+6 11245 
End of ischemia fals 7+5 343 3+2 
Reperfusion 21 +122 43+16 47+13 26+17 
Post-work 2147 37 +21 36+ 23 
2 All values are shown as mean + standard deviation, n=6. } p< 0.05 


between group A and group C. © p < 0.05 between group A and other 
groups. 4p < 0.05 between group A and groups B and C. 


basis of criteria for grading of ischemic injury previously 
reported [6]. 


Statistical Analysis 


All values are expressed as mean + standard deviation. 
The groups were compared using one-way analysis of 
variance; if overall significance was detected, the Student- 
Newman-Keuls multiple-comparison test was used to 
specify the significantly different groups. A p value of less 
than 0.05 was considered significant. 


Results 


Biochemical Measurements 


The measurements of myocardial glycogen, lactate, aden- 
osine triphosphate, and creatine phosphate content are 
shown in Table 1. Postischemic myocardial glycogen was 
higher in group A versus group C at the end of reperfu- 
sion. Myocardial lactate rose markedly at the end of 
ischemia, but no differences were noted between the 
groups subjected to an ischemic interval. Lactate levels 
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Fig 2. Left ventricular developed pressure expressed as percentage of 
control at volume of 30 mL (n = 6 per group, mean + standard devi- 
ation). 


remained significantly lower in group A compared with 
group C throughout reperfusion. Adenosine triphosphate 
levels in group A (work only) were significantly higher 
compared with those of other groups, consistent with the 
absence of an ischemic period in group A. The biochem- 
ical data showed no significant differences between 
groups C and D at any time point. 


Left Ventricular Function Assessment 


Left ventricular systolic function measurements as repre- 
sented by developed pressure and end-systolic elastance 
are shown in Figures 2 and 3, respectively. No significant 
differences in developed pressure were noted between 
groups when expressed as percentage of control. End- 
systolic elastance tended to remain higher in group C 
versus group D after ischemia and work stress, but the 
difference did not reach significance (p = 0.166). The 
major functional difference was observed with left ven- 
tricular wall stiffness (Fig 4), in which group C showed a 


Systolic Pressure/Volume (mmHg/ml) 


Fig 3. End-systolic elastance values (slope of end-systolic pressure— 
volume relationship; (n = 6 per group, mean + standard deviation). 
Analysis of variance between groups at 120 minutes of work; p = 
0.166. 
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Fig 4. Left ventricular wall stiffness (slope of end-diastolic pressure- 
volume relationship) (n = 6 per group, mean + standard deviation). 
Analysis of variance between groups at 120 minutes of work; *p < 
0.05 between groups C and D. 


marked loss of ventricular compliance after two hours of 
controlled work (p < 0.05). 


Morphological Examination 


Tripheny! tetrazolium staining revealed significantly (p < 
0.001) greater myocardial necrosis in group C (11.4% + 
2.5%) versus group D (2.5% + 1.1%), whereas groups A 
(0.5% + 0.7%) and B (0.5% + 0.5%) had only minimal 
necrosis (Fig 5). Necrosis in groups C and D was mainly 
limited to the subendocardial region, whereas small areas 
of necrosis in groups A and B were randomly distributed 
within the transmural wall. The reliability of TTC to 
delineate areas of necrosis was verified with electron 
microscopy, which revealed normal or minimally injured 
myocytes in all biopsy specimens of TTC—positive tissue. 
Lethally injured myocytes were found in biopsy speci- 
mens of TTC-negative tissue, with mitochondrial swell- 
ing and rupture, fragmentation of cristae, and myofila- 
ment contraction-banding. 


Necrosis (% of LV mass) 





Group C 


Group A Group B Group D 


Fig 5. Left ventricular (LV) necrosis (percentage of left ventricular 
mass) (n = 6 per group, mean + standard deviation). Analysis of 
variance between groups; *p < 0.001 between group C and other 
groups. 
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Comment 


The minimal injury observed in groups A and B indicates 
that neither the controlled work protocol alone nor the 
ischemia/reperfusion protocol alone was responsible for 
the extent of necrosis observed in group C, in which 
ischemia/reperfusion was combined with isovolumic ven- 
tricular work loading. These findings are consistent with 
the hypothesis that left ventricular unloading will favor- 
ably influence myocardial recovery after an ischemic in- 
terval. Lachsinger and colleagues [7] demonstrated signif- 
icant reduction of infarct size with adjunctive left 
ventricular loading in a canine model of regional normo- 
thermic ischemia and reperfusion. Similar results were 
reported by Mickleborough and co-workers [8] and Axel- 
rod and associates [9] and were the basis on which we 
developed this model of ischemia and ventricular loading 
to test the use of an asanguineous reperfusion solution. 

Administration of STH solution after an ischemic inter- 
val and immediately before blood reperfusion was effec- 
tive in limiting infarct size by a factor greater than fourfold 
in group D compared with group C. Therefore, the 
difference between groups C and D reflects the effective- 
ness of asanguineous reperfusion over simple blood 
reperfusion in postischemic myocardial salvage. 

In contrast to the morphological findings, the biochem- 
ical results revealed no significant differences between 
groups C and D at any time point. A possible explanation 
for this apparent inconsistency would be the existence of 
a transmural gradient of biochemical changes that would 
not be detected by biopsy specimens harvested from only 
the outer third of the myocardial wall. As expected, 
necrosis in groups C and D was limited to the subendocar- 
dial region; it has been well established that ischemic 
necrosis develops transmurally from subendocardial to 
subepicardial layers in the working dog heart [10]. Biopsy 
specimens, however, were limited to the outer third in 
this experiment to avoid rupturing the intraventricular 
balloon required for functional assessment and controlled 
work. We do not believe that the differences between 
morphological and biochemical data suggest an error in 
the validity of the TTC enzyme-mapping technique. Al- 
though Barnard and colleagues [11] have reported failure 
of TTC staining to delineate areas of necrosis under 
certain conditions, we verified the necrotic border zone by 
electron microscopy; it consistently and accurately distin- 
guished between necrotic and viable tissue. 

Analysis of left ventricular developed pressure failed to 
reveal any difference between groups at a level considered 
statistically significant. Use of developed pressure may 
not be a sufficiently sensitive technique to detect the 
systolic functional deficit created by only 11.4% necrosis 
after a period of reperfusion and work stress of two hours. 

End-systolic elastance measurements tended to be 
higher in group C versus group D, although the sample 
size of 6 dogs per group may have limited the power of 
the experimental data to reach statistical significance. This 
may appear to suggest that contractile function was supe- 
rior in the group not receiving asanguineous reperfusion. 
Although the ideal measure of systolic function remains 
controversial, Suga and Sagawa [12, 13] originally dem- 
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onstrated end-systolic elastance to reflect the state of 
myocardial contractility and found it to be unaffected by 
preload and afterload over a physiological range of ven- 
tricular volumes. However, end-systolic elastance may 
not be a reliable indicator of function when the heart 
contains nonuniform, “patchy” necrosis [14]. Necrosis 
probably results in contracture at each locus of infarction 
and ventricular filling to the same internal volume as 
previously would cause stretching and increased tension 
of the surrounding viable myocardium. The increased 
length and tension of the sarcomeric units would then 
result in locally increased contractility and an overall 
increase in end-systolic elastance values despite a de- 
crease in useful cardiac hemodynamic function. This 
interpretation appears to be valid for our data, which 
showed a significant loss of ventricular compliance as the 
slope of the diastolic pressure/volume relationship was 
markedly elevated in group C compared with group D (p 
< 0.05). 

The concept that postischemic recovery is improved 
when the heart is kept arrested during early reoxygen- 
ation was initially reported in 1960 by Danforth and 
co-workers [15], who demonstrated more consistent re- 
pletion of adenosine triphosphate levels during reperfu- 
sion in the arrested versus the nonarrested heart. Follette 
and colleagues [16] proposed that maintaining arrest 
during the initial minutes of reperfusion might allow 
oxygen and metabolites to be diverted toward cellular 
repair rather than electromechanical activity. Lazar and 
associates [17] introduced the term “secondary warm 
blood cardioplegia” and reported “reversal” of global 
ischemic injury through further application of this con- 
cept. Continuing work by the same group has included 
various compositional modifications in blood cardioplegic 
reperfusates [18]. 

The concept of reducing postischemic or reperfusion 
injury with use of “surgical” versus “medical” (unmodi- 
fied blood) reperfusion is supported by the work of other 
investigators. Wood and associates [19] showed that ini- 
tial reperfusion of an ischemic zone with crystalloid or 
blood cardioplegia limits infarct size compared with sim- 
ple blood reperfusion. Comparable results were reported 
by Franco and colleagues [20], although they obtained 
better results with cold crystalloid reperfusion of the 
locally ischemic segment compared with blood cardiople- 
gic reperfusion. Menasche and colleagues [4, 5] focused 
on the use of asanguineous reperfusion solutions in 
experimental and clinical studies. They concluded that an 
asanguineous reperfusion solution provides improved 
functional recovery when its composition is modified with 
respect to electrolytes, pH, and substrates. More recent 
results comparing surgical and medical reperfusion were 
reported by Davis and colleagues [21] and Miller and 
co-workers [22]; both groups showed a reduction in 
necrosis or improved functional recovery with crystalloid 
reperfusion versus simple blood. 

The results of this study allow only speculation as to 
possible mechanisms by which a cardioplegic crystalloid 
solution as the reperfusate might influence reperfusion 
damage. The proposal that oxygen and metabolites could 
be better used for cellular reparative processes would not 
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theoretically apply with this protocol in which the crys- 
talloid solution was not oxygenated. However, the poten- 
tial role of cytotoxic oxygen metabolites or free radicals in 
causing cellular damage may offer a possible advantage of 
crystalloid over simple blood or blood cardioplegic reper- 
fusion. Whereas free radical scavengers could be added to 
either a blood or crystalloid reperfusate, with blood car- 
dioplegia there exists the possibility of free radical- 
mediated injury due to the higher oxygen tension of an 
oxygenated solution as well as the controversial role of 
neutrophil involvement in blood-based solutions. Cres- 
well and colleagues [23] showed in isolated rabbit hearts 
that recovery of myocardial function after an ischemic 
interval is optimal when unoxygenated rather than oxy- 
genated reperfusates are used. These investigators also 
reported data indicating that free radical scavengers (su- 
peroxide dismutase and catalase) were effective in ame- 
liorating the injury observed with an oxygenated reperfu- 
sate. Furthermore, reperfusion with an asanguineous 
solution before reoxygenation might also be effective in 
removing free radical precursors that accumulated sec- 
ondary to adenine nucleotide degradation. 

One possible mechanism by which STH solution might 
be effective in reducing necrosis is the known interaction 
of the elevated magnesium concentration in this solution 
(16 mmol/L) with cellular calcium flux. Janke and col- 
leagues [24] demonstrated that elevated plasma magne- 
sium levels are effective in reducing isoproterenol- 
induced calcium uptake and necrosis. At a more basic 
level, magnesium has been shown to modify the function 
of the sarcoplasmic reticulum in promoting removal of 
calcium from the myofibrillar space and can also suppress 
calcium’s ability to stimulate myofibrillar adenosine 
triphosphate activity [25, 26]. 

Improved myocardial salvage with cold asanguineous 
reperfusion may also involve the effect of temperature 
change on intracellular calcium movement. Okada [27] 
_ recently reported improved recovery from anoxia in rat 
hearts exposed to a short period of “cold shock” and 
proposed that relief of mitochondrial calcium overload by 
rapid temperature reduction might facilitate metabolic 
and functional recovery. 

The role of hyperosmolar solutions in preventing 
edema during reperfusion has been considered by numer- 
ous investigators, but opinion varies as to its effectiveness 
[28, 29]. Whether STH solution (324 mosm/L) is suffi- 
ciently more hyperosmolar than blood to play a substan- 
tial role could be disputed. The minimal buffering capacity 
of STH solution (sodium bicarbonate = 10 mmol/L at pH 
7.8) also appears not to be a major factor influencing 
reperfusion. 

The experimental protocol used in this study includes a 
substantial ischemic injury (45 minutes at normothermia), 
which would simulate the clinical condition of acute 
preoperative myocardial ischemia. Although normother- 
mic ischemia without previous cardioplegic protection 
does not mirror elective cardiac operation, this protocol 
was chosen to induce an injury severe enough to allow 
detection of differences by morphological and functional 
criteria. Furthermore, the results of this study do not 
allow conclusions to be made regarding the efficacy of 
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“standard” versus “specially formulated” reperfusion so- 
lutions as only STH solution and unmodified blood were 
directly compared. 

In conclusion, despite widespread interest in modifying 
the conditions of reperfusion to reduce postischemic 
injury, most clinical centers simply remove the cross- 
clamp and reperfuse with unmodified blood. The experi- 
mental protocol used in this study has emphasized the 
principle of technical simplicity in demonstrating that 
myocardial protection and salvage can be improved when 
a standard crystalloid cardioplegic solution (STH) is in- 
fused just before reperfusion, as opposed to use of un- 
modified blood reperfusion. The goal now is to identify 
fundamental cellular mechanisms through which reperfu- 
sion injury can be controlled. 
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Valve Replacement in the Right Side of the Heart 
in Children: Long-Term Follow-up 


W. H. Fleming, MD, L. B. Sarafian, RN, MSN, A. L. Moulton, MD, 


L. A. Robinson, MD, and J. D. Kugler, MD 


Sections of Thoracic Surgery and Pediatric Cardiology, University of Nebraska Medical Center, Omaha, Nebraska 


Twenty-five patients (16 male, 9 female) underwent 
right-sided valve replacement (10 pulmonary valve re- 
placement, 14 tricuspid valve replacement, 3 tricuspid 
plus pulmonary valve replacement, and 2 replacements 
of a single atrioventricular valve) at the University of 
Nebraska Medical Center from June 1977 to December 
1986. Twenty-one patients (84%) are long-term survivors 
with 2,035 months follow-up (range, 41 to 143 months; 
mean, 96.9 months). Twenty-three Carpentier-Edwards 
bioprosthetic valves, one Ionescu-Shiley bioprosthetic 
valve, and nine St. Jude Medical valves were inserted. 
Follow-up of 17 patients with a Carpentier-Edwards 
valve ranged from 5 years 9 months to 11 years 9 months 


ithough valve reconstruction is preferable, some chil- 

dren require prosthetic valve replacement. Choos- 
ing the appropriate valve for a child requires consider- 
ation of the valve flow characteristics, the need for 
anticoagulants and their consequent risks, thrombosis 
risk, and long-term durability. Small numbers of children 
who have survived right-sided valve replacement and 
have had long-term follow-up are reported. Data are 
commonly extrapolated from the reports of valve replace- 
ments in adults [1] or from reports of valves in the left side 
of the heart in children [2]; this may not be valid. This 
report describes the results to date in 25 young patients 
who underwent right-sided valve replacement during a 
9-year 6-monith period at the University of Nebraska 
Medical Center. 


Material and Methods 


The hospital charts of all 25 patients (16 male, 9 female) 
who underwent a right-sided valve replacement at the 
University of Nebraska Medical Center between June 1977 
and December 31, 1986, were reviewed. Patients who 
underwent a Fontan procedure or placement of valved 
conduits were excluded. Patient age at the time of initial 
prosthetic right-sided valve placement ranged from two 
days to 20 years (median, 8 years 2 months). Diagnoses 
included tetralogy of Fallot, 6 patients; absent pulmonary 
valve syndrome, 3 patients; Ebstein’s anomaly, 3 patients; 
endocarditis, 2 patients; previous pulmonary valvectomy, 
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(mean, 8 years 11 months). To date there has been one 
reoperation after 3 years 4 months in this group. One 
patient who received an Ionescu-Shiley bioprosthesis 
required re-replacement at 20 months after operation. 
Three of 4 patients who received St. Jude mechanical 
valves and are long-term survivors have required re- 


placement after 36 to 56 months. We conclude that the 


Carpentier-Edwards bioprosthetic valve is a viable op- 
tion in the right side of the heart in the young age group 
when annular size is adequate to accommodate an appro- 
priate bioprosthesis. 


(Ann Thorac Surg 1989;48:404-8) 


4 patients; univentricular heart complex, 2 patients; en- 
docardial cushion defect, 2 patients; polyvalvular disease, 
1 patient; and congenital tricuspid valve regurgitation, 2 
patients (Table 1). Current follow-up was available for all 
except 4 patients who had moved from the area in the past 
1 to 2 years. 


. Results 


Carpentier-Edwards Tissue Valve 

Carpentier-Edwards porcine valves (23 valves in 18 pa- 
tients) were used early in the series; 17 of 18 patients are 
current survivors. Patient age at the time of initial place- 
ment ranged irom three days to 20 years (median, 10 
years 4 months). Follow-up since implantation ranged 
from 5 years 9 months to 11 years 9 months (mean, 8 years 
4 months). The nonsurvivor was a three-day-old infant 
with absent pulmonary valve syndrome who died intra- 
operatively. 

One patient with a Carpentier-Edwards porcine valve 
has required replacement. At the time of reoperation, 40 
months after his initial valve replacement, one leaflet of 
his bioprosthetic valve was adherent to the ventricular 
wall, allowing valve regurgitation. Pathological examina- 
tion showed several focal calcific deposits on one cusp of 
the explanted valve. This patient had previously under- 
gone both aortic and tricuspid valve replacement due to 
polyvalvular disease. The tricuspid valve was replaced, 
although this was not clinically necessary at the time of 
required aortic valve replacement to minimize risk of a 
separate open heart procedure for tricuspid valve replace- 
ment. The Carpentier-Edwards valve in the tricuspid 
position was replaced with another Carpentier-Edwards, 
which at 60 months required balloon dilation for stenosis. 
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Table 1. Preoperative Diagnosis for Patients Undergoing Right-Sided Valve Replacement 





Mean Age at Time 


No. of of Initial Valve 

Patients Initial Diagnosis Replacement 

6 Tetralogy of Fallot 107 mo 

3 Tetralogy of Fallot with absent 45 mo 
pulmonary valve 

3 Ebstein anomaly + VSD + ASD 161 mo 

4 Pulmonary stenosis, 2 Noonan’s 183 mo 
syndrome 

2 Endocarditis 180 mo 

2 Univentricular heart complex + 48 mo 
congenital AV valve regurgitation 

2 Congenital TR + multiple VSD 40.5 mo 

2 Endocardial cushion + TGV + 54 mo 
tetralogy of Fallot 

1 9 yr 


Polyvalve disease (aortic stenosis) 





* Conduit not included in study. 


ASD = atrial septal defect; AV = atrioventricular; 
= pulmonary valve replacement; RV = right ventricle; 
valve replacement; VSD = ventricular septal defect. 


The original tricuspid valve replacement was performed 
at age 9 years 3 months, with re-réplacement at 12 years 7 
months. Patient weight had increased from 27 to 38 kg in 
the interim. No other patient has required re-replace- 
ment. 

At present, 14 patients have had recent echocardiog- 
raphy.-The one patient with balloon dilation had good 
results; of the 2 other patients with echocardiographic 
findings consistent with combined steriosis and insuffi- 
ciency, 1 has evidence of calcification. Both await balloon 
dilation. One patient has had both tricuspid valve replace- 
ment and pulmonary valve replacement; the pulmonary 
valve is functioning with only moderate pulmonary insuf- 
ficiency but the tricuspid valve has moderate stenosis and 
insufficiency. Both patients are clinically asymptomatic. 
Six patients have echocardiographic diagnosis of stenosis 
(10 to 20 mm Hg estimated gradient) or mild to moderate 
insufficiency across their prosthetic valves, or both. Five 
patients have echocardiographic readings in the normal to 
mildly insufficient range; these findings were not different 
based on length of follow-up. Follow-up of patients with 
normal or nearly normal findings ranged from 8 years 3 
months to 11 years 9 months; that of patients with 
moderately severe insufficiency ranged from 5 years 11 
months to 11 years 3 months from implantation, and that 
of patients with echocardiographic diagnosis leading to a 
need for intervention ranged from 5 years 7 months to 11 
years 11 months. Age at valve placement also did not 
correlate with long-term function (range, preschool to 
teenage in each group). 


Ionescu-Shiley Pericardial Valve 


The single Ionescu-Shiley tissue valve placed in the tri- 
cuspid position required replacement 20 months after 


AVR = aortic valve replacement; 
TGV = transposition of great vessels; 


Position of Valves Outcome 

3 TYR + PVR All alive 

3 PVR 

3 PVR 1 DOT (2 days old) 

3 TVR All alive 

4 PVR All alive 

2 TVR All alive 

2 AV valve 2 St. Jude Medical valves, 1 DOT, 
replacement 1 died 2 wk postoperatively 

2 TVR 1 died 8 days postoperatively 


(St Jude Medical valve) 


2TVR + 1RV to PA Both alive 
conduit* 
TVR + AVR with 


Konno annuloplasty | 


Alive and well 


PVR 
tricuspid 


DOT = died on table; 
TR= 


PA = pulmonary artery; 
tricuspid regurgitation; TVR = 


implantation. The explanted valve showed ingrowth and 
retraction of cuspal tissue without calcification. The pa- 
tient’s age at the time of initial implantation was 4 years 6 
months. 


St. Jude Medical Valve 
Seven patients have received a total of nine St. Jude 


_ Medical valves. Patient age at the time of operation 


ranged from 2 weeks to 8 years 2 months (mean, 4 years 
6 months) at initial valve replacement. Three patients died 
in the hospital; 2 of these patients had univentricular 
heart complex (age, 2 weeks and 8 years 2 months); the 
third, a 9-month-old child, had complex congenital heart 
disease including multiple ventricular septal defects and 
congenital tricuspid regurgitation. None of the nonsurvi- 
vors died of prosthetic valve malfunction (Table 2). 
There have been no late deaths in the remaining 4 
patients. Three of the 4 patients have required re- 
replacement between 13 and 22 months after initial re- 
placement. They have been followed for an average of 65 
months after initial placement. The St. Jude Medical 
valves have been in place for 35 to 56 months (median, 54 
months). Two patients were initially discharged on war- 
farin plus aspirin; 1 of these patients required hospitaliza- 
tion for hemothorax and is subsequently being treated 
with warfarin only. One patient on warfarin plus dipy- 
ridamole has had three episodes of valve dysfunction 
(immobile left leaflet) secondary to thromibus diagnosed 
by echocardiography; he was treated successfully with 
streptokinase or urokinase each time. Another patient 
who underwent streptokinase infusion 23 months after 
valve placement for an immobile leaflet demonstrated by 
echocardiography and physical examination did not im- 
prove. He subsequently underwent placement of an aortic 


406 FLEMING ET AL 


RIGHT-SIDED VALVES 


Table 2. Nonsurvivors After Right-Sided Valve Replacement 
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Age at Weight 

Patient Operation (kg) Diagnosis Operation Cause of Death 

1 3 days 3.5 Absent pulmonary valve Repair ASD, VSD, placement of DOT 
syndrome, ASD, VSD Carpentier-Edwards 23-mm 

- pulmonary valve 

2 15 days 3.4 S/P repair CoAo, S/P PA band, Placement of No. 19 St. Jude Ventricular dysfunction, 
TGV, single ventricle, single valve first postoperative day 
AV valve, AV valve 
regurgitation 4+ 

3 8 yr 19.8 TGV, mitral atresia, Placement of No. 29 St. Jude DOT, unable to be 
univentricular heart, S/P valve weaned from bypass 
repair CoAo, S/P Blalock- 
Hanlon, S/P PA band, S/P 
Blalock-Taussig shunt, S/P 
pacemaker, TI (single AV 
valve) 

4 lyr 8.7 S/P repair of multiple VSDs and Placement of No. 19 St. Jude Multiorgan failure 9 days 


ASD, Down’s syndrome, 
PAH, TI 4+ 


ASD = atrial septal defect; 
pulmonary artery hypertension; 
septal defect. 


AV = atrioventricular; 
S/P = status post; 


homograft in the pulmonary position ai another institu- 
tion after he moved from the area. Thrombus on the valve 
was reported at the time of explantation. He was on 
aspirin plus dipyridamole at the time. The explanted 
tricuspid valves were described by the pathologist as 
having fibrous ingrowth of tissue rather than mechanical 
obstruction from implant technique on two valves. The 
operating surgeon reported that thrombus was interfering 
with function in the valve in the pulmonary position 
(Table 3). 


Comment 


Of the total reported number of prosthetic cardiac valves 
placed, those required on the right side of the heart 
comprise a small percentage [1-14]. A recent article by 
Pasque and calleagues [7] sumimarized 26 reports totaling 
129 children who had undergone tricuspid valve replace- 
ment. Other studies have described right-sided valve 
replacements in specific disease entities, including two 
studies with a total of 13 patients with Ebstein’s anomaly 
[11,12]. Follow-up ranged from 1 to 13 years in the 5 
patients reported by Bove and Kirsh [11]; no major com- 
plications occurred in either the 2 patients with porcine 
valves or the 3 patients with mechanical valves. This is in 
contrast to the report by Abe and Komatsu [12], in which 
7 of 8 survivors were followed 3 to 18 years. One patient 
had a porcine valve and 6 patients had a mechanical valve; 
3 patients had late death, 1 with thrombosis. Other 
researchers have investigated pulmonary valve replace- 
ment after repair of tetralogy of Fallot [10,13]. The follow- 
up ranged from 1 to 10 years in the report of Ilbawi and 
co-workers [10] of 49 patients with porcine valves with an 
actuarial survival of 84% at 10 years compared with the 
relatively short follow-up of 12 patients for 5 months to 3 


CoAo = coarctation of aorta; 
TI = tricuspid insufficiency; 


valve 3 wk after initial repair 
due to continuing clinical 
deterioration 


postoperative 


DOT = died on table; PA = pulmonary artery; PAH = 
TGV = transposition of great vessels; VSD = ventricular 


years reported by Misbach and colleagues [13], in which 
two types of tissue valves and one type of mechanical 
valve were used with no major complications. 

In studies specifically investigating St. Jude Medical 
valves in children a 2-year actuarial survival rate of 100% 
was reported for valves in the systemic circulation com- 
pared with a 70% 2-year actuarial survival rate for right- 
sided valves [6]. Similar concern about use of St. Jude 
Medical valves in the right side was expressed in the 
report by Miyamura and associates [15]. These investiga- 
tors reported (1) 1 Iate death caused by cerebrovascular 
hemorrhage; (2) need for re-replacement of the single 
tricuspid valve; (3) need for two treatments with throm- 
bolytic enzyme therapy in one of five pulmonary valves; 
and (4) no morbidity or mortality in 2 of 5 patients [15]. 
Children and adults may have different results with a St. 
Jude Medical valve in the tricuspid position [16,17]. Singh 
and co-workers [18] reported no morbidity or mortality in 
7 adults aged 33 to 71 years (mean follow-up, 13 months). 
Our results with the St. Jude Medical prosthesis in the 
right side of the heart are similar to those reported by 
Ilbawi and co-workers [10] and Miyamura and associates 
[15], with thrombotic complications in both the tricuspid 
and pulmonary valve position. 

Many studies of larger groups of patients undergoing 
valve replacement have included right-sided valves in 
their total. Janusz and associates [1] reported a group of 
700 patients aged 8 to 81 years with only 6 (0.86%) 
undergoing right-sided valve replacement. Similarly, re- 
ports of valves replaced in children and young adults 
aged to 20 years included right-sided valves as part of the 
total. The number of patients (581) and the percentage of 
patients receiving right-sided valves (66 of 581 or 11%) is 
as follows: Gardner and colleagues [3], 9 of 24 (37.5%); 
Sanders and co-workers [4], 4 of 44 (10%); Spevak and 
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Table 3. Outcome of Long-Term Survivors With St. Jude Valves 
Age at First i 
Valve Present Valve Medical or Surgical 

Patient Initial Diagnosis Replacement Anticoagulation Dysfunction Intervention 
1 Tetralogy of Fallot (severe), PVR at 2 yr ASA + persantine Immobile leaflet | Streptokinase (no change); 

Al, TI re-replacement with 

aortic homograft 

2 Tetralogy of Fallot with PVR at 5 yr Coumadin + ASA, Immobile leaflet Re-replacement with St. 

absent pulmonary valve 3 mo changed to ASA Jude Medical valve; 

+ persantine echocardiography 
showed 14-mm gradient 
at 56 mo 

3 Ebstein's anomaly + VSD TVR at 4 yr Coumadin + ASA, Immobile leaflet Re-replacement with St. 
3 mo changed to ASA Jude Medical valve; 

+ persantine streptokinase 4 mo after 
second valve with 
return to function; 
urokinase 9 mo after 
second valve; good 
function shown by 
echocardiography at 37 
mo 

4 Endocardial cushion defect 4yr6 mo Coumadin Functional at 48 St. Jude replaced with 


AI = aortic insufficiency; ASA = aspirin; 
replacement; VSD = ventricular septal defect. 


associates [5], 2 of 63 (3.2%); Makhlouf and colleagues [2], 
8 of 273 (2.9%); Ibawi and co-workers [6], 16 of 36 (44%); 
Wada and colleagues [8], 4 of 44 (10%); Williams and 
associates [16], 20 of 49 (41%); and Sade and colleagues 
[17], 3 of 48 (6%). The total valve experience in children is 
often used to determine the type of valve to use in the 
right side, although some reports show that right-sided 
valve patients suffered greater morbidity and mortality 
compared with children with valves in the systemic cir- 
culation [2-6, 16, 19-23]. Sanders and co-workers [4] 
reported 3 of 4 patients with complete heart block after 
tricuspid valve replacement, and Makhlouf and col- 
leagues [2] reported 5 of 8 patients with thrombosed 
prosthetic tricuspid valves. In the group of 8 patients 
undergoing tricuspid valve replacement reported by Abe 
and colleagues [12], there was one intraoperative death 
and three late deaths. The reported types of valves used 
in the right side of the heart include Starr-Edwards, 
Bjérk-Shiley, St. Jude Medical, Carpentier-Edwards, Han- 
cock, lonescu-Shiley, and “porcine or tissue” (manufac- 
turer not specified). The risk of calcification of tissue 
valves is well documented, especially in the young age 
group [21-25]. With the large number of valve types and 
the small number of valve replacements, it is difficult to 
conclude from current reports that one type or brand is 
better than another. 

Our results with the Carpentier-Edwards porcine valve 


mo Ionescu-Shiley; 
hospitalized for 
hemothorax due to 
anticoagulant; good 
function shown by 
echocardiography at 82 
mo 





PVR = pulmonary valve replacement; 


TI = tricuspid insufficiency; TVR = tricuspid valve 


are encouraging. The valves were in place longest (5 years 
9 months to 11 years 9 months) with few valve complica- 
tions, except in 1 patient who underwent valve re- 
replacement at the time of aortic valve re-replacement. 
Although data are limited for studying the long-term 
durability of the Carpentier-Edwards porcine valve, the 
short-term results (up to 11 years 9 months) without the 
attendant risks of anticoagulant therapy lead us to prefer 
the Carpentier-Edwards porcine valve. The exception is in 
small infants, for whom the St. Jude Medical valve’s 
excellent flow characteristics are believed to provide a 
distinct hemodynamic advantage. 
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In a 7-year period, transatrial membranotomy was per- 
formed in 11 patients with membranous obstruction of 
the inferior vena cava. There were 5 men and 6 women, 
ranging in age from 23 to 53 years. Clinical symptoms 
included jaundice in 4 patients, hepatomegaly in 4, leg 
edema or varicose veins in 10, and venous collaterals 
over the abdominal and chest wall in all 11 patients. 
Transatrial membranotomy was performed through a 
median sternotomy in all patients. When inferior vena 
cava venography revealed that the obstruction was ac- 
companied by long segmental thrombosis, additional 
dilation was performed with a Hegar dilator. There was 
no surgical mortality. Early operative complications in- 
cluded pulmonary embolism in 2 patients and bleeding 


udd-Chiari syndrome is caused by obstruction of the 

hepatic venous outflow. Many causes of this syn- 
drome are recognized, including pregnancy, use of oral 
contraceptives, leukemia, polycythemia rubra, polycythe- 
mia vera, tumors, and miscellaneous disorders. A con- 
genital web or membranous obstruction at the level of the 
hepatic portion of the inferior vena cava (IVC) can also 
cause Budd-Chiari syndrome and more often occurs in 
Orientals, especially Japanese [1, 2]. The results of medi- 
cal treatment of this syndrome are poor [3]. The first case 
was reported to Osler [4] in 1878, and Kimura and 
co-workers [5] achieved the first successful surgical cor- 
rection of this anomaly by transcardiac membranotomy in 
1962. For this report, we reviewed 11 patients with 
Budd-Chiari syndrome due to membranous obstruction of 
hepatic portion of the IVC. All patients received trans- 
atrial membranotomy. 


Material and Methods 


From August 1978 to October 1985, 11 patients in Chang 
Gung Memorial Hospital were proved to have membra- 
nous obstruction of the hepatic portion of the IVC. They 
received a complete history review, physical examination, 
abdominal sonogram, liver scan, blood chemistry, and 
angiogram with simultaneous catheterization of the right 
atrium and IVC venogram. Of these 11 patients, 5 were 
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requiring reoperation in 1. In a mean follow-up period of 
30.6 months (range, 2 to 88 months), 9 patients had no 
symptoms, transient pericardial constriction developed 
in 1 patient and resolved 1 month later, and restenosis of 
the inferior vena cava developed in another patient 1 year 
after the first operation. This latter patient received a 
second transatrial membranotomy followed by percuta- 
neous balloon angioplasty of the inferior vena cava, with 
a satisfactory result at 8 months follow-up. We conclude 
that transatrial membranotomy is an effective and safe 
procedure for patients with membranous obstruction of 
the inferior vena cava. 


(Ann Thorac Surg 1989;48:409-12) 


men and 6 were women. Their ages ranged from 23 to 53 
years (mean age, 39 years). The clinical symptoms of these 
patients were jaundice, bleeding esophageal varices, and 
hepatomegaly in 4 patients; ascites and leg edema or 
varicosities in 10 patients; and engorged collateral veins 
over the abdominal and chest wall in all 11 patients (Table 
1). 

An angiogram with simultaneous catheterization of the 
right atrium and IVC was performed in all patients. The 
patients were classified into three groups by angiography 
[3]: (1) membranous obstruction only, in which the right 
atrium and IVC venogram showed a membrane between 
the right atrium and IVC; (2) membranous obstruction 
with short segmental thrombosis, in which the venogram 
showed a short obstruction between the right atrium and 
the IVC, with the length of the thrombus shorter than two 
vertebrae; and (3) membranous obstruction with long 
segmental thrombosis, in which the thrombus was longer 
than two vertebrae. The first group comprised 4 patients, 
the second group 3 patients, and the third group 4 
patients. 

Transcardiac membranotomy, first described by Hi- 
rooka and Kimura [2], was used in all patients. For 
patients in the third group, transcardiac membranotomy 
was performed digitally first; the obstructed long segment 
of IVC was then dilated with a 36 to 40F Hegar dilator. A 
perfusion lung scan was performed routinely on the first 
and eighth postoperative day. An angiogram of the IVC 
was performed in every patient before discharge from the 
hospital. Anticoagulation with Coumadin (crystallin war- 
farin sodium) was continued for 6 months postopera- 
tively. 
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Table 1. Clinical Symptoms of Budd-Chiari Syndrome 
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Venous Collateral 





Patient Age Leg Edema or Esophageal in Abdomen and 
No. (yrf Sex Jaundice Ascites Varicosities Varices Bleeding Hepatomegaly Chest Wall 
1 27 F + + + = + + 
2 28 M + + + - - + 
3 41 F = + + + = + 
4 50 F = + + = - + 
5 53 F = + + + - + 
6 46 M + + + - - + 
7 41 M 7 + + + = + 
8 35 M + - + - + + 
9 23 M - + + + -— + 
10 36 F - + - - + + 
11 44 F - + + - + + 
Total 4 10 10 4 4 11 
a Mean age = 39 years. 
Results Comment 


All patients had regular follow-up ranging from 2 months 
to 88 months (mean, 30.6 months). There were no surgical 
deaths; however, postoperative complications were not 
uncommon. Cine patient had postoperative bleeding from 
a collateral vein requiring reoperatior. for hemostasis. 
Three patients required a patch of bovine pericardium to 
close the pericardium because direct closure of pericar- 
dium induced hypotension and elevated central venous 
pressure. One of these 3 patients, a woman with exer- 
tional dyspnea, engorged neck vein, ascites, and lower 
leg edema in the postoperative period, underwent recath- 
eterization of the heart and IVC venogram on the seventh 
postoperative day. The IVC was patent, but a square root 
sign was evident in the left ventricular pressure curve and 
diastolic pressures in all four cardiac chambers were 
equal. Pericardial constriction was evident. There was no 
evidence of emboli in the pulmonary arteriogram and 
perfusion lung scan. Her symptoms and signs disap- 
peared gradually over the next month. 

Routine postoperative perfusion lung scan showed that 
2 patients had pulmonary emboli. One patient was 
asymptomatic, the other patient required prolonged ven- 
tilatory support for six days after operation, but was 
discharged from the hospital uneventfully. These 2 pa- 
tients had preoperative inferior venograms that showed 
membranous obstruction and a segment of thrombosis 
longer than two vertebrae. 

The symptoms of 1 patient in group 3 recurred 1 year 
after operation. Simultaneous catheterization of the right 
atrium and inferior venogram in this patient showed a 
short segmental thrombosis of the IVC. Transatrial throm- 
bectomy was performed again. However, because the 
clinical symptoms did not improve after the second oper- 
ation, transfemoral venous balloon dilation of the IVC 
was performed four times in 2 weeks before the symp- 
toms subsided. Eight months later, follow-up venograms 
revealed patency of the IVC without a pressure gradient 
between the right atrium and the IVC. 


Budd-Chiari syndrome is caused by membranous obstruc- 
tion of the hepatic portion of the IVC, and occurs fre- 
quently in Japanese patients [1, 2, 5-8]. In other countries, 
such as India [9], Taiwan [10], the United States [11-14], 
Spain [15, 16], and Germany [17], sporadic cases have 
been reported. Kimura and colleagues [5] successfully 
performed the first correction of this disease with trans- 
atrial membranotomy in 1962. After reviewing 150 cases, 
Hirooka and Kimura [2] proposed that this disease has a 
congenital origin. They also evaluated the different surgi- 
cal methods used to treat 74 patients who underwent 
operation in Japan for membranous obstruction of the 
hepatic portion of the IVC, concluding that transatrial 
membranotomy is superior to other methods such as 
balloon catheter dilation,bypass grafting, or excision of 
the obstructed portion of the IVC. In our experience, the 
results of transatrial membranotomy are satisfactory and 
the long-term results up to 88 months after operation are 
encouraging (Table 2). 

Eguchi and co-workers [6, 7] advised that surgical 
treatment of this disease should depend on whether the 
obstruction is solely membranous or is associated with a 
segment of thrombosis. This series comprised 4 patients 
with membranous obstruction and a long segment of 
thrombosis. For this group of patients, the procedure was 
transatrial finger fracture of the membrane and evacua- 
tion of the thrombus digitally through a right atriotomy. 
This was followed by repeated dilation using a 36 to 40F 
Hegar dilator while the abdomen was open so that the 
surgeon could guide the Hegar dilator into the abdominal 
portion of the IVC and prevent perforation of the vena 
cava. The follow-up cardiac catheterization and angio- 
gram within 2 weeks in these 4 patients showed mild 
narrowing of the hepatic portion of the IVC but no 
significant pressure gradient (4 mm Hg). 

The pathogenesis of the narrowing of the hepatic por- 
tion of the IVC after membranotomy is not yet clear. 
Compression by hypertrophy of caudate lobe of the liver 
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has been suggested [3]; however, liver scaiis mam in 
10 of these patients showed no evidence of caudate lobe 
hypertrophy. Abdominal sonogram in- these 10 patients 
also confirmed the absence of caudate lobe hypertrophy. 
Symptoms recurred 8 months postoperatively in 1 pa- 
tient. Despite a second operation with transatrial mem- 
branotomy, the follow-up venogram showed severe stric- 
ture at the hepatic portion of the IVC; the stricture was 
relieved by repeated percutaneous transvenous (femoral 
vein) balloon catheter dilation. From this limited experi- 
ence, we suggest that reoperation with transatrial dilation 
for patients with recurrent symptoms may be useless. 
Instead, repeated tranvenous balloon dilation is advised. 
This suggests that the pathogenenesis of segmental stric- 
ture of the hepatic portion of the IVC results from a 
fibrotic, thickened IVC wall, as described by Okuda and 
Ostrow [18]. 

Transient pericardial constriction may occur immedi- 
ately after operation due to the sudden increased venous 
returni directly from the IVC. It can be managed by 
enlarging the pericardial cavity with a patch of bovine 
pericardium. 

Two patients in group 3 had evidence of pulmonary 
emboli after operation although there were no symptoms. 
Because the technique of transatrial dilation is blind, it is 
difficult to prevent the complication of pulmonary embo- 
lism completely. However, if the procedure is performed 
cautiously, thrombus can be evacuated and gushed out 
through the atriotomy as it was in 7 patients in groups 1 
and 2. Because this type of thrombus was just below the 
merhbrane in group 1 patients and may not be identified 
well by angiogram, it is dangerous to use percutaneous 
balloon catheter as a first procedure. In our hospital, we 
had one experience in using this technique to treat å 
patient who had membranous obstruction only in which 
the patient had cardiac arrest due to massive pulmonary 
emboli during cardiac catheterization and died. Whether 
infusion of urokinase to dissolve the thrombus before 
balloon dilation can effectively prevent this catastrophe 
requires further verification. 


Table 2. Inferior Vena Cava to Right Atrium Pressure 
Gradient (mm Hg) 


Patient No. Preoperative Postoperative 
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* Required second operation 8 months after first operation, and then 
repeated balloon dilation. 
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Fig 1. Inferior venacavogram in patient with membranous obstruction 
and long-segment thrombosis. 


Other techniques, such as use of deep hypothermia and 
circulatory arrest to perform thrombectomy and correct 
IVC stricture under direct vision, were suggested by 
Murphy and colleagues [14]. However, deep hypothermia 
and circulatory arrest is not without complications in 
these critically ill patients [19]. This radical technique may 
be reserved for group 3 patients with long segments of 
IVC obstruction (Fig 1) because group 3 patients treated 
with transatrial membranotomy did not achieve the excel- 
lent results of patients in groups 1 and 2. However, more 
experience with this radical technique is needed to justify 
its superiority to transatrial membranotomy. For patierits 
in groups 1 and 2, transatrial membranotomy can achieve 
an excellent immediate and long-term postoperative 
result. 
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Since 1964, 56 children (mean age, 6.7 years) underwent 
repait of incomplete endocardial cushion defects. Forty 
patients had isolated ostium primum defects. Additional 
congenital defects were present in 17 patients (30%). All 
patients underwent patch closure of the ostium primum 
defect and 47 of 56 patients (84%) underwent mitral 
valvuloplasty. Hospital mortality was 1.8% (one death). 
Arrhythmias developed in 7 other patients in the early 
postoperative period, of which six were transient and 
resolved completely. One patient required early pace- 
maker placement for complete heart block. Cumulative 
follow-up was 378 patient-years. There were three late 
deaths (5.7%), and additional operations were required 


po endocardial cushion “defects (partial atrio- 
ventricular canal defects) are characterized anatomi- 
cally by the presence of an ostium primum atrial septal 
defect and two separate atrioventricular valves that are 
fused to the somewhat deficient crest of the interventric- 
ular septum. Varying degrees of clefting of the anterior 
leaflet of the mitral valve and deficiency of the septal 
leaflet of the tricuspid valve are also present. 

Becatise several investigators have reported excellent 
short-term results of repair of incomplete endocardial 
cushion defects, this study evaluates the late results of 
surgical repair ahd defines an important prognostic factor 
influencing the need for reoperation [1—4]. 


Patients and Methods 


From 1964 to 1986, 56 children underwent surgical repair 
of incomplete endocardial cushion defects at Children’s 
Hospital National Medical Center. Age ‘of operation 
ranged from 10 months to 19 years (mean age, 6.7 years) 
(Table 1). There were 30 female and 26 male patients. 
Associated cardiovascular anomalies were present in 17 of 
56 patients (30%) and are listed in Table 2. Four patients 
had Down’s syndrome, 1 had CHARGE association (colo- 
boma, congenital heart disease, and choanal atresia with 
multiple anomalies) [5], and 1 had fetal alcohol syndrome. 
All patients underwent preoperative cardiac catheter- 
ization to establish the diagnosis, assess mitral valve 
function, and calculate pulmonary vascular resistance. 
The diagnosis of incomplete endocardial cushion defect 
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in 12 patients (22.6%). Seven of these 12 patients re- 
quired mitral valve replacement for severe mitral regur- 
gitation. The mean interval between initial repair and 
mitral valve replacement was 4.2 years, with only three 
valves needing replacement within 12 months. There 
was a significant correlation between the severity of 
mitral regurgitation before initial repair and subsequent 
need for mitral valve replacement. Late onset atrial 
arrhythmias have developed in 6 patients. Current func- 
tional status has been evaluated in 50 of 52 surviving 
patients and 88.5% are in NYHA class I, with the remain- 
der in class II. N 

(Ann Thorac Surg 1989;48:413—6) 


was correctly established by catheterization in 54 of 56 
patients (96.4%). Two patients diagnosed as having com- 
plete endocardial cushion defects preoperatively were 
found to have incomplete defects at the time of surgical 
repair. Mitral regurgitation, as defined by cineangio- 
graphic criteria, was severe in 5 patients (8.9%), moderate 
in 13 (23.2%), and mild in 28 (50%). No mitral regurgita- 
tion was demonstrated in 7 patients (12.5%) and valve 
competence could not be adequately assessed in 3 pa- 
tients (5.4%). 

Mean pulmonary artery pressures ranged from 7 to 42 
mm Hg (mean, 20 mm Hg) and pulmonary to systemic 
flow ratios (Q,/Q,) ranged from 1.6 to 5.6 (mean, 2.8). 
Pulmonary vascular resistance was calculated in 52 pa- 
tients and ranged from 0.3 to 4.3 Woods units (mean, 1.2 
Woods units): Pulmonary resistance at catheterization 
exceeded 4.0 Woods units in only 1 patient (4.3 Woods 
units), and this value decreased to 1.9 Woods units with 
the administration of 100% oxygen and Priscoline (tola- 
zine hydrochloride) (ie, the patient had labile pulmonary 
hypertension). 

Indications for operative intervention included a QQ; 
ratio greater than 1.5, the presence of severe mitral 
regurgitation, and increasing pulmonary vascular resis- 
tance. Recommended age for surgical correction for in- 
complete endocardial cushion defects is 4 years, with 
earlier operation for failure to thrive or the presence of 
congestive heart failure poorly controlled by medical 
therapy. 

Operative repair was accomplished using total cardio- 
pulmonary bypass under moderate hypothermia (perfus- 
ate temperature, 25° to 28°C) with aortic cross-clamping 
and cardioplegia administration. The cleft in the anterior 
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Table 1. Age at Repair of Incomplete Endocardial Cushion 
Defects 


No. of 

Age (yr) Patients % 

0-1 2 3.6 
13 5 8.9 
346 29 51.8 
6-10 10 17.9 
10-15 6 10.7 
15 4 7.1 


Total 56 100 


leaflet of the mitral valve was closed with interrupted 
suture technique in 47 patients (84%). The ostium primum 
atrial septal defects were repaired with patches of pros- 
thetic material in 50 patients, Dacron in 21, Teflon in 29, 


and autologous pericardium in 6. In no patient was the . 


defect repaired primarily. Interrupted horizontal mattress 
sutures were used to approximate the patch to the mitral 
side of the annular tissue between the two atrioventricular 
valves. A continuous suture was then used for the re- 
mainder of the repair, taking care to deviate this suture 
line toward the left atrial side of the interatrial septum 
inferiorly to avoid injury to the conduction system. The 
coronary sinus was thus allowed to drain physiologically 
into the right atrium. 


Results 


Early postoperative complications occurred in 16 patients 
(28.6%) and are listed in Table 3. There was one hospital 
death representing a mortality of 1.8%. This early death 
was related to postoperative third-degree heart block 
associated with acute left ventricular failure. Arrhythmias 
developed in 7 other patients after surgical repair. In 6 of 


Table 2. Cardiovascular Anomalies Associated With 
Incomplete Endocardial Cushion Defects 





Occurrence 
(No. of Percentage 
Anomaly Defects)? of Total 
Patent foramen ovale , 6 27.3 
Secundum atrial septal defect 5 22.7 
Pulmonary valvar stenosis 3 14.0 
Patent ductus arteriosus 2 9.0 
Anomalous pulmonary venous 1 4.5 
return 
Subaortic membrane 1 4.5 
Coarctation of aorta 1 4.5 
Left superior vena cava 1 4.5 
Polysplenia syndrome 1 4.5 
Absent inferior vena cava with 1 4.5 


azygous continuation 


a Twenty-two total defects in 17 patients. 
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Table 3. Early Postoperative Complications After Repair of 
Incomplete Endocardial Cushion Defects 


No. of 

Complication Patients % 
Death 1 1.8 
Arrhythmia 

Transient 6 10.7 

Persistent 1 1.8 
Postpericardiotomy syndrome 3 5.3 
Pleural effusion 2 3.6 
Congestive heart failure 2 3.6 
Sepsis 1 1.8 
None 40 71.4 

Total 56 100.0 


these 7 patients the arrhythmia was transient in nature 
and resolved completely. Three of these 6 patients exhib- 
ited junctional tachyarrhythmias, and the remaining 3 
had variable degrees of atrioventricular block. One patient 
required early permanent pacemaker placement for per- 
sistent complete heart block. Postpericardiotomy syn- 
drome occurred in 3 patients, pleural effusion in 2, and 
congestive heart failure requiring inotropic support in 2. 
One patient received a full course of antimicrobial therapy 
for sepsis. Forty patients (71%) had no early es al 
after surgical repair. 

Follow-up evaluation was performed in 53 of 55 survi- 
vors with a range of 1 year to more than 19 years (mean 
follow-up, 7 years). Results of long-term follow-up are 
listed in Table 4. There were three late deaths (5.7%). One 
patient died of acquired immunodeficiency syndrome 
presumed to be acquired from perioperative blood trans- 
fusions more than 6 years after surgical repair. A second 
patient died of left ventricular failure after a second mitral 
valve replacement 8 months after initial repair. A third 
patient, with previously repaired total anomalous pulmo- 
nary venous drainage, died 10 months after initial repair 
of a refractory ventricular tachyarrhythmia after pneu- 
monectomy for recurrent pulmonary venous stenosis that 
was inrepairable surgically. Actuarial survival is shown 
in Figure 1. 

Additional operations were performed in 12 patients 
(22.6%). Although no patient underwent mitral valve 


Table 4. Long-Term Results After Repair of Incomplete 
Endocardial Cushion Defects 


Long-Term No. of 

Result Patients % 
Late death 3 5.7 
Reoperation 12 22.6 
Late arrythmia* 6 11.3 


Residual lesion” 6 11.3 


* Onset more than 30 days after initial repair. > Atrial septal defect, 


moderate to severe mitral regurgitation. 
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Cumulative Survival 


12 36 60 84 108 132 156 
Follow-Up (Months) 


replacement at the time of initial repair, 7 patients subse- 
quently required mitral valve replacement for severe 
mitral regurgitation. All 7 patients had closure of the 
mitral cleft at the time of original repair. The mean 
interval between initial repair and the first mitral valve 
replacement was 4.2 years (range, 1 month to 10 years 5 
months). There were no deaths associated with first mitral 
valve replacement. Three patients required mitral valve 
replacement within 12 months of the initial operation (1, 
2, and 10 months). The first of these patients had no 
clinically significant mitral regurgitation preoperatively. 
Progressive mitral incompetence postoperatively was as- 
sociated with a residual atrial septal defect. Early progres- 
sive mitral valve dysfunction also occurred in the second 
patient associated with distortion of the mitral valve 
chordae noted at reoperation. Annular dilatation was 
reported in the third patient. 

Type of prosthetic valves used for initial mitral valve 
replacement were three Hancock (25, 25, and 29 mm), two 
Ionescu-Shiley (19 and 21 mm), 1 St. Jude (27 mm), and 1 
Bjérk-Shiley (27 mm). Neither mechanical valve has re- 
quired replacement to date. All prosthetic tissue valves 
have required replacement for prosthetic valve stenosis. 
The mean interval between first and second mitral valve 
replacements was 4.8 years (range, 7 months to 8 years 2 
months), and there was one death associated with second 
mitral valve replacement. Of prognostic significance, 
71.4% of all patients requiring initial mitral valve replace- 
ment had moderate to severe mitral regurgitation defined 
by cineangiography before repair of their incomplete 
endocardial cushion defects. Only 2 of 35 patients (5.7%) 
with mild or absent mitral regurgitation present preoper- 
atively required subsequent mitral valve replacement (p = 
0.0375). 

Residual atrial septal defects were demonstrated by 
follow-up catheterization in 3 patients. Pulmonary to 
systemic flow ratios in these patients ranged from 1.6 to 
3.7. One of these patients also had severe mitral regurgi- 
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Fig 1. Cumulative survival curve 
after initial repair of incomplete en- 
docardial cushion defects. 


tation and underwent mitral valve replacement along 
with repair of the residual-atrial septal defect. A second 
patient underwent reoperation and patch closure of the 
recurrence, and the remaining patient has been followed 
clinically. 

Clinically significant fibromembranous subaortic steno- 
sis with resting peak systolic gradients of 40 and 60 mm 
Hg developed in 2 patients after repair of their incomplete 
endocardial cushion defects. In 1 patient, the subaortic 
membrane had been resected at initial repair and recurred 
17 months later requiring a second resection. The second 
patient required resection 41 months after initial repair. 
Figure 2 shows actuarial survival free of reoperation. 

Late onset atrial arrhythmias developed in 6 patients 
after initial repair. In 4 of these patients the arrhythmia 
has been intermittent atrial flutter/fibrillation controlled 
with medical therapy. One patient developed sick sinus 
syndrome 9 months after surgical repair and required 
placement of a permanent pacing system, One other 
patient required permanent pacing 10 years after initial 
repair for complete heart block after a second mitral valve 
replacement. No patient spontaneously developed late 
onset complete atrioventricular block. 

Current functional status has been evaluated in 50 of 52 
surviving patients (96%); 88.5% are currently in New York 
Heart Association class I and the remainder are in class II. 


Comment 


Our experience confirms that incomplete endocardial 
cushion defects can be repaired with low operative mor- 
tality and with a low incidence of conduction system 
injury. 

Age, functional status, and degree of preoperative 
mitral regurgitation did not significantly affect hospital 
mortality. However, significant late morbidity has oc- 
curred in patients noted to have moderate to severe mitral 
incompetence before incomplete endocardial cushion de- 
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Fig 2. Cumulative proportion of pa- 
tients free from reoperation after ini- 
tial repair of incomplete endocardial 

cushion defects. 


Free of Re-Operation 


Actuarial Cumulative Proportion 


fect repair. Twenty-eight percent of patients in our series 
who demonstrated moderate to severe mitral regurgita- 
tion on preoperative cardiac- catheterization ultimately 
required mitral valve replacement. This compares with a 
5.7% incidence of mitral valve replacement in patients 
exhibiting only mild or absent mitral regurgitation pre- 
operatively. In addition, of 4 patients with residual mod- 
erate to severe mitral incompetence after initial repair who 
have not required mitral valve replacement to date, 3 
demonstrated clinically significant mitral incompetence 
before repair. The correlation between preoperative mitral 
valve function and postoperative morbicity also has been 
described in other series [1, 6]. Despite this correlation, 
we do not recommend mitral valve replacement at the 
time of initial repair. No patient in our series underwent 
mitral valve replacement coincident with initial repair, 
and the mean interval between initial repair and mitral 
valve replacement was 4.2 years. i 

Although current operative techniques have greatly 
reduced the incidence of surgically induced complete 
heart block associated with repair of incomplete endocar- 
dial cushion cefects, postoperative arrhythmias are not 
uncommon. Our incidence of early postoperative arrhyth- 
mia was 12.5%, and late onset arrhythmias developed in 
another 11% of patients. However, no patient experi- 
enced spontaneous late onset complete heart block or 
` sudden death. 

In summary, progress has been made in reducing the 
operative mortality and incidence of perioperative heart 
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Follow-Up (Months) 


block associated with repair of incomplete endocardial 
cushion defects. However, a sizeable incidence of long- 
term morbidity makes careful follow-up essential [7, 8]. 
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Surgical Preparation Impairs Release of 
Endothelium-Derived Relaxing Factor From 


Human Saphenous Vein 
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Release of endothelium-derived relaxing factor was mea- 
sured from freshly isolated human saphenous vein and 
from vein subject to routine surgical preparation for 
coronary artery bypass grafting. Surgical preparation led 
to a significant decline in endothelium-derived relaxing 
factor release as compared with freshly isolated vein, and 
these changes were associated with loss of endothelial 
coverage. Storage of freshly isolated vein in blood but 


Co artery bypass grafting with autologous sa- 
phenous vein relieves symptoms, at least initially, in 
most patients and prolongs life in those with the most 
severe disease [1]. Graft occlusion occurs postoperatively, 
however, and perhaps as many as 15% of all grafts suffer 
thrombotic occlusion during the first 12 months [2, 3]. 
Subsequent failure occurs at a rate of 2% per year owing to 
accelerated myointimal hyperplasia with or without su- 
perimposed atheroma [2-4]. 

A series of well-defined pathological and degenerative 
changes occur in saphenous vein grafts during and after 
implantation [5-11]. Endothelial separation and partial 
desquamation occur during surgical preparation [7, 9], 
and the resulting exposure of collagen promotes platelet 
and fibrin attachment [9, 11]. Endothelial damage also 
reduces production of prostacyclin [5], a powerful inhib- 
itor of platelet aggregation, and this further promotes 
platelet activation. Platelet activation may precipitate 
early thrombosis or lead to secretion of mitogens respon- 
sible for the rapid medial and neointimal proliferation that 
occurs in vein grafts during the first few months [9, 11]. 

The endothelium produces a second potent locally 
acting vasodilator substance known as endothelium- 
derived relaxing factor (EDRF). Release of EDRF mediates 
vascular relaxation tonically, in response to increased flow 
and also in response to a variety of agonists, some of 
which (eg, adenosine triphosphate, 5-hydroxytrypta- 
mine) may be released from activated platelets [12]. It has 
been recently demonstrated that EDRF is also a potent 
inhibitor of platelet aggregation and adhesion [12, 13]. 
Therefore, EDRF probably functions to limit vasoconstric- 
tion and thrombus propagation at sites of vascular injury. 
Loss of EDRF activity due to endothelial injury during 
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not in Hartmann’s solution also resulted in a decline in 
maximally stimulated endothelium-derived relaxing fac- 
tor release that was not associated with loss of endothe- 
lium. Reduced production of endothelium-derived relax- 
ing factor, a potent vasodilator and inhibitor of platelet 
adhesion and aggregation, may be implicated in the 
etiology of early vein graft thrombosis. 

(Ann Thorac Surg 1989;48:417-20) 


preparation of saphenous vein for coronary bypass graft- 
ing might contribute to graft thrombosis. 

We therefore investigated the influence of surgical 
preparation on the capacity of human saphenous vein to 
release ERDF. 


Material and Methods 


Endothelium-denuded porcine coronary artery (PCA) 
rings (2 to 3 mm wide) were mounted as recipients in a 
cascade bioassay system as previously described [14]. 
They were perfused at a flow rate of 2 mL/min with 
prewarmed (37°C), gassed (95% O, 5% CO,) Holman’s 
solution of the following composition (in mM): NaCl, 120; 
KCI, 5; NaH,PO,, 1.3; NaHCO,, 25; CaCl, 2.5; p-ghucose, 
11; and sucrose, 10. The Holman’s solution also contained 
the cyclooxygenase inhibitor indomethacin (10 uM) to 
prevent synthesis of prostanoids. 

All rings were tested for successful removal of endothe- 
lium by preconstriction with 5-hydroxytryptamine (5HT, 
10 aM) and brief (one minute) exposure to an EDRF- 
releasing agent, the calcium ionophore A23187 (0.1 uM). 
Any rings showing a relaxant response to A23187 were 
considered to have some functional endothelium and 
discarded. 

Vein was obtained from patients undergoing coronary 
artery bypass grafting. Premedication, anesthesia, and 
intraoperative heparinization were standardized as de- 
tailed previously [6]. A segment (~2 to 3 cm) was taken 
from the lower portion of the long saphenous vein using 
a no-touch technique [15] as soon as possible after the first 
incision. This freshly isolated vein was brought to the 
laboratory in a tightly closed plastic universal container 
(capacity, 25 mL) in 20 mL of either patient’s heparinized 
arterial whole blood (3 mg/kg patient body weight) or 
heparinized Hartmann’s solution (4 4M/mL) and assayed 
for EDRF release within 60 minutes of removal. 
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Table 1. Number, Age, and Sex of Patients From Whom 
Veins Were Removed and Storage Time for Each Group 


Storage 

Age Time 

Vein n (Sex) (yr) (min) 
Freshly isolated (blood) 4(2male) 5544 36249 
Freshly isolated (Hartmann’s 4(2male) 56+5 2545 


solution) 


Stored (blood) 6 (ali male) 5642 125211 


Stored (Hartmann’s solution) 7 (6 male) 58+2 160 + 23 
Surgically prepared 11 (9 male) 59+2 124+ 11 
Surgically prepared 8 (7 male) 30+2 191+ 12 


(Hartmann’s solution) 


When applicable, data are shown as mean + standard error of the mean. 


Surgically prepared vein was obtained from vein in 
excess on completion of the last proximal anastomosis. 
Routine preparation consisted of adventitial stripping, 
side branch ligation, uncontrolled manual distention, and 
storage at room temperature either in heparinized arterial 
whole blood or heparinized Hartmann’s solution. In some 
experiments, freshly isolated veins were stored in the 
collecting media for up to 250 minutes at room tempera- 
ture (23°C). The characteristics of the different vein prep- 
arations are shown in Table 1. 

A 2-cm length of saphenous vein was mounted in the 
bioassay and used as a donor vessel for EDRF. Basal EDRF 
and EDRF release in response to cumulative doses of 
bradykinin (1 nM to 1 uM) were measured [16]. Maximum 
EDRF release was induced by the calcium ionophore 
A23187 (1 uM), a potent EDRF-releasing agent in human 
vessels [17]. In some experiments, the EDRF inhibitor 
hemoglobin [18] was added to the infusion to ensure that 
relaxation responses were EDRF mediated. Donor vessel 
endothelial cell loss during perfusion was estimated at the 
end of the experiment by en face silver staining [19] and 
light microscopy. 

Rings of PCA were preconstricted to about 95% of 
maximum by SHT (3 uM) infused postdonor using an LKB 
{type 2132) peristaltic pump. Porcine coronary artery 
responses were detected by an isometric force transducer 
(Ether type UF1 4 ounce) and displayed on a Devices chart 
recorder. Responses to EDRF are expressed as a percent- 
age of the initial SHT-induced tone, which was not altered 
by bradykinin or A23187 alone. 


Drugs Used 

5-Hydroxytryptamine (creatinine sulfate complex), brady- 
kinin (acetate salt), indomethacin, hemoglobin (bovine), 
and A23187 (mixed Ca?*, Mg** salt) were purchased 
from the Sigma Co Ltd, Poole, UK. Stock solutions of 
indomethacin (10 mM) and A23187 (5 mM) were made up 
in 99% ethanol and dimethylsulfoxide, respectively. Bra- 
dykinin and 5HT were dissolved in distilled water. Final 
concentrations of ethanol and dimethylsulfoxide did not 
affect tissue responses in this system. The source of other 
materials was described previously [10]. 
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Statistical Analysis 


Concentration-response curve slopes and EC, values for 
bradykinin-induced EDRF release were calculated from a 
line fitted to the straight part of the concentration- 
response curve by a least-squared minimization proce- 
dure. Results were compared using Student's t test for 
unpaired data and were considered significantly different 
at p < 0.05. Data were presented as mean + standard 
error of the mean. 


Results 


Responses to Endothelium-Derived Relaxing Factor 


A representative trace recorded from a PCA ring precon- 
stricted with 5HT (3 aM) is shown in Fig 1. Perfusion 
through saphenous vein causes a small relaxation of the 
PCA due to basal EDRF release. Bradykinin added predo- 
nor caused a dose-dependent relaxation of the PCA. 
Maximum EDRF release is induced by the calcium iono- 
phore A23187 (1 aM). Relaxations were completely re- 
versed by hemoglobin (10 aM) and by removal of endo- 
thelium from the vein, confirming that the relaxations 
were EDRF mediated. For the purpose of this study, 
relaxation mediated by bradykinin-induced EDRF release 
was taken as bradykinin-induced relaxation minus basal 
relaxation, and maximum A23187-induced relaxation as 
basal relaxation plus bradykinin-induced relaxation plus 
A23187-induced relaxation. 


Endothelium-Derived Relaxing Factor Release 

Maximum A23187-induced release proved the best pre- 
dictor of functional endothelial integrity, as responses to 
bradykinin varied greatly. The results for maximum re- 
lease are shown in Fig 2. 


FRESHLY ISOLATED (BLOOD). Basal and maximally stimu- 
lated EDRF release from freshly isolated veins collected in 
blood caused 18% + 5% and 48% + 3% relaxation, 
respectively, of PCA rings preconstricted to 9.7 + 0.8 g 
tension with 5HT. The EC, for bradykinin was 16.6 + 9.8 
nM, and the concentration-response curve slope was 5.2 
£14, 





al 
SV-9 8 i 





10g 


3uM SHT 


10min 


Fig 1. A representative trace from an experiment showing endotheli- 
um-derived relaxing factor (EDRF)-induced relaxation in an endotheli- 
um-denuded porcine coronary artery ring preconstricted with 3 pM 
5-hydroxytryptamine (SHT). Introduction of the donor vessel into the 
system (SV) caused a small relaxation due to basal EDRF release. 
Further EDRF release from the donor vessel was induced by cumula- 
tive addition of bradykinin (BK, 1 nM to 1 pM) followed by A23187 
(A2, 1 pM). Addition of hemoglobin (HB, 10 uM) completely inhib- 
ited this relaxation. 
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FRESHLY ISOLATED (HARTMANN’S). Basal and maximally 
stimulated EDRF release from freshly isolated veins col- 
lected in Hartmann’s solution caused 8% + 3% and 42% + 
3% relaxation, respectively, of PCA rings preconstricted 
to 8.4 + 0.6 g tension with SHT. The EC. value for 
bradykinin was 45.7 + 13.2 nM, and the concentration— 
response curve slope was 6.3 + 0.6. 


STORED (BLOOD). Basal and maximally stimulated EDRF 
release from veins stored in blood caused 8% + 1% and 
26% + 4% relaxation, respectively, of PCA rings precon- 
stricted to 8.1 + 0.7 g tension with SHT. Basal and 
maximum release was significantly less than that of 
freshly isolated veins collected in blood (p < 0.05). The 
ECs, value for bradykinin was 11.3 + 1.9 nM, and the 
concentration—response curve slope was 5.5 + 1.14. 


STORED (HARTMANN’S). Basal and maximally stimulated 
EDRF release from veins stored in Hartmann’s solution 
caused 8% + 3% and 42% + 3% relaxation, respectively, 
of PCA rings preconstricted to 8.5 + 0.6 g tension with 
5HT. Basal and maximum EDRF release was not signifi- 
cantly different from that of freshly isolated veins col- 
lected in Hartmann’s solution. The EC,, value for brady- 
kinin was 24.6 + 5.5 nM, and the concentration-response 
curve slope was 7.3 + 1.1. 


SURGICALLY PREPARED (BLOOD). Basal and maximally stim-. 


ulated EDRF release from surgically prepared veins using 
blood caused 6% + 1% and 19% + 2% relaxation, respec- 
tively, of PCA rings preconstricted to 7.5 + 0.2 g tension 


Blood Hartmann’s 
roo *xk— po ke 
r *arNS rNSrž* 
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O Freshly isolated 
Stored 
Surgically prepared 


Fig 2. Percentage of relaxation of 5-hydroxytryptamine—preconstricted 
porcine coronary artery rings in response to maximum A23187-in- 
duced endothelium-derived relaxing factor release from freshly isolated, 
stored, and surgically prepared saphenous veins. Data are shown for 
veins collected and stored in blood or Hartmann’s solution, as detailed 
in text. (NS = not significant; *p < 0.05, *p < 0.01.) 


ANGELINIETAL 419 
EDRF RELEASE AND SAPHENOUS VEIN 


Relaxation (%) 





o 50 150 
Storage time (min) 


Fig 3. Decline of maximum A23187-induced endothelium-derived re- 
laxing factor release from freshly isolated veins stored in blood or 
Hartmann’s solution. Endothelium-derived relaxing factor release is 
expressed as percentage of relaxation of 5-hydroxytryptamine—precon- 
stricted porcine coronary artery rings. A regression line is fitted to the 
blood-stered data (r = 0.76, p < 0.05). 


by 5HT. Basal and maximum EDRF release was signifi- 
cantly less than that of freshly isolated vein collected in 
blood (p < 0.01) but not significantly different from that of 
blood-stored veins. The EC,, value for bradykinin was 
10.8 + 3.2 nM, and the conceritration—response curve 
slope was 2.8 + 0.4. The bradykinin concentration- 
response curve was significantly less steep than that of 
blood-stored veins (p < 0.05). 


SURGICALLY PREPARED (HARTMANN’S). Basal and maxi- 
mally stimulated EDRF release from surgically prepared 
veins using Hartmann’s solution caused 5% + 1% and 
16% + 2% relaxation, respectively, of PCA rings precon- 
stricted to 7.5 + 0.3 g with 5HT. Maximum EDRF release 
was significantly less than that of both veins stored in 
Hartmann’s solution and freshly isolated veins collected 
in Hartmann’s solution (p < 0.01). The EC, value for 
bradykinin was 21.9 + 8.8 nM, and the concentration- 
response curve slope was 2.9 + 0.4. The bradykinin 
concentration-response curve slope was significantly less 
steep than that of veins stored in Hartmann’s solution (p 
< 0.01). 


Decline of Maximum Endothelium-Derived Relaxing 
Factor Release During Storage 


The maximum EDRF release from veins stored for dif- 
ferent lengths of time in blood (10 patients [2 women] 
aged 56 + 2 years) and Hartmann’s solution (11 patients [1 
woman] aged 58 + 2 years) is shown in Figure 3. Porcine 
coronary artery rings were preconstricted to 8.8 + 0.6 and 
8.5 + 0.4 g tension, respectively. A regression line fitted 
to data obtained from the veins stored in blood at room 
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temperature (r = 0.76) described a straight line (p < 0.05), 
indicating that EDRF release declined to zero after storage 
for 236 minutes. A regression line fitted to the data 
obtained from the veins stored in Hartmann’s solution at 
room temperature, however, had a low correlation coef- 
ficient (r = 0.05), indicating that maximum EDRF release 
did not decline as a result of storage in this medium. 


Endothelial Preservation 


Representative veins taken from the freshly isolated 
groups showed more than 70% endothelium coverage, 
which was nct altered by storage in either blood or 
Hartmann’s solution. Routine surgical preparation, how- 
ever, reduced endothelium coverage to about 30%, còn- 
sistent with the results of our previous study [5]. 


Comment 

To investigate the influence of surgical preparation on 
release of EDRF from human saphenous veins, we used a 
bioassay cascade rather than relaxation of vascular rings 
[16, 20]. This was becatise during removal and prepara- 
tion of saphenous vein for coronary artery bypass graft- 
ing, metabolic changes that occur in medial smooth mus- 
cle cells [5, 6, 11] may alter their responsiveness to EDRF. 
Our study demonstrated release of EDRF from freshly 
isolated sapherious vein (which had more than 70% 
endothelial coverage) and confirmed the presence of 
responses to both bradykinin [16] and the calcium iono- 
phore. A23187 [17, 20]. The principal finding of this study 
was that EDRF release was reduced by routine surgical 
preparation. Indeed, the approximate 70% of endothelial 
loss correlated with the 60% reduction in EDRF release. 
This finding is in agreement with results of our previous 
study [5], in which an approximate 55% endothelial loss 
was accompanied by a 60% reduction in stimulated pros- 
tacyclin release after surgical preparation of human sa- 
phenous vein. 

Storage of freshly isolated vein in blood also caused a 
time-related reduction in maximal EDRF release that was 
not observed in veins stored in Hartmann’s solution. 
Because further loss of endothelium was not observed 
during storage, in blood the reduced release observed 
after blood storage may be attributed to an impaired 
ability of the endothelium to produce or release EDRF. 

Because EDRF is an inhibitor of both platelet activation 
[13] and adhesion [12], reduced EDRF release may be 
implicated in early vein graft failure. These observations, 
therefore, provide further support for use of surgical 


techniques [7, 10, 15] designed to implant saphenous vein, 


grafts with a metabolically preserved endothelium. 


We thank Dr A. C. Newby for critical revision of the manuscript 
and W. Simons for secretarial assistance. 
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Carcinoma of the adrenal cortex may occasionally extend 
through the inferior vena cava to the right atrium without 
actually invading the vascular endothelium. Surgical 
resection may result in excellent palliation and the po- 
tential for prolonged survival when no other signs of 


W: recently treated a patient with adrenocortical 
carcinoma involving the inferior vena cava, he- 
patic veins, and right atrium using hypothermic total 
circulatory arrest. To our knowledge, this is the first such 
case reported in the literature. 


A 51-year-old woman was seen with a 3-month history of 
progressive weakness, fatigue, dyspnea, early satiety, 
ascites, and peripheral edema. Computed tomography 
showed a 12-cm right adrenal tumor with central necrosis 
and extension to the inferior vena cava (Fig 1). Inferior 
venacavography showed occlusion of the inferior vena 
cava and hepatic veins and enlarged azygos and hemiazy- 
gos collateral vessels. Superior venacavography demon- 
strated extension of tumor or clot to the right atrium. 
Evaluation for distant metastatic disease was unrevealing. 
Serum lactate dehydrogenase level was elevated (535 
IU/L; normal, 124 to 275 IU/L). 

Electroencephalographic leads were applied preopera- 
tively. Abdominal exploration through a bilateral subcos- 
tal excision revealed that the adrenal tumor could be 
mobilized and had not invaded contiguous structures or 
nodes. Sternotomy was then performed. 

Extracorporeal circulation was instituted, and sodium 
thiopental (Pentothal), 60 mg/kg, was administered. 
When body temperature reached 28°C during hypother- 
mic cardiopulmonary bypass, the ascending aorta was 
cross-clamped, and cardiac arrest was induced by cold 
blood cardioplegia. Ice bags were applied to the head. 
Cardiopulmonary bypass was discontinued when rectal 
and nasopharyngeal temperature reached 16° to 18°C, and 
the patient’s blood volume was partially exsanguinated 
into the cardiotomy reservoir. The right atrium and infe- 
rior vena cava at the level of the adrenal vein were 
opened. In a completely bloodless operative field, throm- 
bus was extracted under direct vision from the right 
atrium, occluded hepatic veins, and vena cava. No endo- 
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advanced disease are present. Extrapolating from our 
experience with renal cell carcinoma extending to the 
right atrium, we resected a similar adrenocortical carci- 
noma using hypothermic circulatory arrest. 

(Ann Thorac Surg 1989;48:421-2) 


thelial invasion was noted. The excised tumor showed 
areas of necrosis, but no viable tumor cells were found in 
thrombus extracted from the hepatic veins. No tumor cells 
were found in the abdominal lymph nodes. 

The period of total circulatory arrest was 18 minutes. 
Bypass was restarted after removal of tumor and vascular 
isolation of the upper inferior vena cava. The atriotomy 
was closed, and air was evacuated by backbleeding. The 
caval defect was reconstructed with a Gore-Tex patch 
while the patient was slowly rewarmed at a rate of no 
more than 1°C per three minutes. The aortic clamp was 
released, and the patient was defibrillated easily at a body 
temperature of 32°C. 

The patient required vascular support with Neo- 
Synephrine (phenylephrine hydrochloride) and dopa- 
mine after operation. She awoke nine hours after the 
10.5-hour procedure and was extubated on postoperative 
day 3. An estimated blood loss of 11 L and urinary output 





Fig 1. Computed tomographic scan of the abdomen demonstrates large 
right adrenal tumor displacing liver anteriorly. Tumor appears encap- 
sulated. Adrenal vein and inferior vena cava are enlarged and filled 
with tumor thrombus. The liver and abdominal lymph nodes appear 
free of tumor. 
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of 5.8 L were replaced with 12 L of a balanced salt 
solution, 15 units of packed red blood cells, 1.5 L of 
autologous blood aspirated after tumor removal, 4 units of 
fresh frozen plasma, and 10 units of platelets. The patient 
is well with mild dyspnea and a paretic right hemidia- 
phragm 10 months after operation. 


Comment 


The use of hypothermic circulatory arrest has not resulted 
in neurological or other adverse sequelae in the patient 
described here or in 6 other patients with atriocaval 
hypernephromas operated on using the same technique. 
Total circulatory arrest has been used only for that brief 
but critical interval required for precise tumor removal 
from the inferior vena cava, hepatic veins, and right 
atrium. Local caval control proximal and distal to the 
cavotomy site is then obtained, and bypass is reinstituted 
during caval reconstruction. Too few patients have under- 
gone resection of adrenal tumors extending to the inferior 
vena cava to permit determination of actuarial survival. 
However, short-term survival of 5 to 22 months has been 
reported for patients who survived the procedure [1-6]; 
metastatic disease has developed in some of these pa- 
tients. Of the 3 patients with tumors resected from the 
right atrium, 1 patient described by Hugh and colleagues 
[1] died of pulmonary metastasis 14 months after opera- 
tion, whereas the second patient, whose tumor was 
resected using cardiopulmonary bypass, has remained 
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free of disease at 15 months. The patient of Javadpour and . 
colleagues [6] was reported to be free of disease 12 months 
after operation. 

We advocate radical one-stage resection of adrenal 
tumors extending to the inferior vena cava and right 
atrium provided no other evidence of disseminated local 
or systemic disease is present. Hypothermic circulatory 
arrest can be performed safely and provides superior 
visualization and complete removal of intracaval, hepatic 
vein, and right atrial tumors. 
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A case of simultaneous carcinomas of the lower thoracic 
esophagus and the oropharynx in a 62-year-old man is 
reported. Reconstruction was successfully performed us- 
ing a one-stage operation consisting of pharyngolaryn- 
goesophagectomy followed by a combination of gastric 
pull-up and microvascular jejunal transfer procedures. 
The postoperative course was uneventful except for re- 
gurgitation of food, which persisted for 1 month. 


(Ann Thorac Surg 1989;48:423-5) 


Roo after resection of the pharyngoesopha- 
geal area has been one of the most difficult problems 
in surgery. We report a new one-stage reconstructive 
procedure using gastric pull-up and microvascular jejunal 
transfer after pharyngolaryngoesophagectomy. The oper- 
ative procedure and its usefulness are described in detail. 


A 62-year-old man, complaining of dysphagia for 1 
month, was examined at the National Cancer Center 
Hospital. He had two separate malignancies, squamous 
cell carcinomas in the lower thoracic esophagus and the 
oropharynx, the latter extending from the left tonsil and 
base of the tongue orally to the pharyngoepiglottic fold 
distally. The following operative procedure was devised 
to resect these two remote lesions and to reconstruct the 
defect simultaneously. 

First, through a fifth intercostal posterolateral incision, 
the esophagus was dissected free of the mediastinal 
structures along the full length in the thorax, and lymph 
nodes were dissected extensively. After closure of the 
chest, the following procedures were performed simulta- 
neously by two separate teams. Through the upper me- 
dian laparotomy incision, mobilization of the stomach, 
pericardiac dissection, and pyloroplasty were accom- 
plished, preserving the right gastric and the right gastro- 
epiploic vessels as well as the gastroepiploic arcade. In the 
neck, a left radical neck dissection was performed first; an 
en bloc resection of the base of the tongue, left tonsil, 
pharynx, larynx, and left lobe of the thyroid was then 
performed, preserving continuity of the esophagus. Then 
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the entire thoracic esophagus was drawn up through the 
thoracic inlet by upward traction, followed by the stom- 
ach. The gastroesophageal junction, now in the neck, was 
divided and stapled with a gastrointestinal anastomosis 
instrument and oversewn. Because the defect in the 
cervical esophagus was too large to be reconstructed by 
only a pedicled stomach transfer, a free jejunal interposi- 
tion graft between the oropharynx and the pull-up stom- 
ach was planned. 

Because of the extremely enlarged pharyngeal stoma, a 
doubly looped jejunal segment was placed between the 
pharyngeal stoma and the stoma created at the fornix of 
the pull-up stomach. A longitudinal incision, about 5 cm 
long, was made at the central portion of the harvested 
jejunal segment, about 30 cm long. The jejunal segment 
was then folded to create the doubly looped segment, of 
which the central stoma was anastomosed to the pharyn- 
geal stoma and the distal jejunal stumps were anasto- 
mosed to the stoma created at the fornix (Fig 1). By 
microvascular technique, the mesenteric artery and vein 
of the jejunal graft were also anastomosed to the trans- 
verse cervical artery and external jugular vein, respec- 
tively (Fig 2). 

After a tracheostoma was made, the cervical wound 
was closed with two drains left at the anastomoses. As the 
surgical margin of the resected specimen, especially the 
proximal margin at the left tonsil, was macroscopically 
very close to the border of the carcinomatous involve- 
ment, postoperative irradiation at a total dose of 50 Gy 
was performed despite the lack of microscopic evidence of 
cancer exposure. 

Fluoroscopy on the twelfth postoperative day revealed 
no anastomotic leakage, and oral intake was started. The 
patient suffered from regurgitation for 1 month and re- 
quired parenteral nutritional support. This symptom, 
however, gradually improved and completely disap- 
peared by the end of the third month after operation. 
Nasal reflux never occurred. 


Comment 


A patient with one epidermoid carcinoma in the upper 
digestive system, larynx, or lung has an increased risk of 
developing a new cancer at the same subsite or at another 
site within these systems [1]. According to previous 
reports, multiple primary cancer develops in 10% to 30% 
of patients with head and neck cancer [2—4]. Therefore, as 
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Fig 1. Reconstructive procedure. A free jejunal autograft (J) was in- 
terposed between the pull-up stomach (S) and the oropharynx (P). The 
stomach was pulled up through the posterior mediastinal route. 


in the present case, a vigorous survey of the upper 
aerodigestive system is indispensable in treating a patient 
with malignancy of one of these systems to avoid over- 
looking a latent malignancy. 

Methods used clinically for replacement of the pharynx 
and cervical esophagus may be classified under three 
major categories: local measures with pharyngolaryngeal 
tissues, cutaneous methods including skin or musculocu- 
taneous flaps, and visceral methods with a pedicled or 
revascularized free autograft [5]. In 66 cases, we com- 
pared three methods for reconstruction of the hypophar- 
ynx and cervical esophagus: a free forearm skin tube flap, 
free jejunal transfer, and pharyngogastric anastomosis 
after pull-through esophagectomy [6]. The clinical out- 
come was as follows: The free forearm skin tube was the 
safest of the three methods, but it could be used for a 
short defect only, and a higher incidence of salivary fistula 
(50%) was noted. Despite having the highest incidence of 
complications, the pull-through esophagectomy guaran- 
teed a safe surgical margin and was useful for a long 
reconstruction. The free jejunal transfer could be applied 
to defects of various lengths with less operative burden 
and less frequent complications. 

The present case was peculiar in two points: the ex- 
tremely long defect due to total esophagectomy and the 
irregular shape of the pharyngeal stoma. Apart from the 
present method, a pedicled long colon transposition graft 
might have been used alternatively in this situation. That 
method, however, may be inferior to the present method 
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Fig 2. Operative field in the neck after the reconstruction was com- 
pleted. As a doubly looped jejunal tract, a free jejunal autograft (J) 
was interposed between the oropharynx (P) and the stomach (S), 
which was pulled up through the posterior mediastinal route. The 
mesenteric artery (MA) and vein (MV) were anastomosed by a micro- 
vascular technique to the transverse cervical artery and external jugu- 
lar vein, respectively. 


using a doubly looped jejunal segment in ease of anasto- 
mosis at the pharyngeal stoma because of its irregularly 
enlarged shape. We believe that our present technique 
can be used when the more conventional procedures are 
not available and, in addition, has the advantage of being 
a one-stage operation. 
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Reviewed by Laurence H. Coffin, MD 


This work represents the nineteenth volume of Cardiovascular 
Clinics, with Albert N. Brest as Editor-in-Chief. It is divided into 
part I: Performance of Angioplasty; part H: Angioplasty in 
Specific Patient Populations; and part IHE: Complications of An- 
gioplasty. Of the fifteen chapters, all but one are written by 
cardiologists. Surgeons Mannion and Edie are given the oppor- 
tunity to bat in the “cleanup position” and as such exert a 
balancing effect on the unbridled enthusiasm of cardiologists 
who have never manually dealt with small atherosclerotic coro- 
nary arteries and do not appreciate the unforgiving response of 
these tissues to mechanical insults. 

Outstanding in part I are the chapters on adjunctive pharma- 
cologic treatment, which review antithrombotic, antispastic, and 
other maneuvers te minimize the angioplasty-induced vascular 
injury, as well as the chapters on protection of the ischemic 
myocardium during angioplasty. It is surprising, however, that 
the increasingly popular partial cardiopulmonary bypass support 
for high-risk angioplasty is not discussed. The omission of an 
illustration of the business end of the angioplasty balloon cathe- 
ter from chapter 1 must surely represent an oversight, as the 
other angiograms and illustrations are pertinent and of high 
quality. : 

In part II, application of coronary angioplasty to specific patient 
populations, such as those with multivessel coronary artery 
disease, and individuals who have unstable angina and acute 
myocardial infarction, or those who have had a previous coro- 
nary bypass operation, is thoroughly discussed. Although the 
results of the multiple trials of thrombolysis, with and without 
mechanical intervention, after acute myocardial infarction are 
described, one remains somewhat confused regarding the au- 
thors’ recommendations, perhaps because the final trials were 
not yet reported. 

The concept of the “culprit lesion” is again elaborated. How- 
ever, I feel that such an approach often fosters excessive appli- 
cation of single vessel angioplasty in multivessel disease. The 
same cardiologists who in the past have been critical of surgeons 
performing incomplete revascularization and have urged more 
and more anastomoses to be done to smaller and smaller vessels 
of questionable significance are now quite comfortable with their 
ability somewhat subjectively to select that vessel most readily 
dilated. They also may not question the resulting incomplete 
revascularization, knowing they will probably get another oppor- 


CASE REPORT ASAMURA ET AL 425 
ESOPHAGOPHARYNGEAL RECONSTRUCTION 


6. Kato H, Watanabe H, lizuka T, et al. Primary esophageal 
reconstruction after resection of the cancer in the hypophar- 
ynx or cervical esophagus: comparison of free forearm skin 
tube flap, free jejunal transplantation and pull-through 
esophagectomy. Jpn J Clin Oncol 1987;17:255-61. 


tunity to intervene in the future. A refreshing final chapter of this 
section is the discussion of laser application both to coronary and 
peripheral arteries. The widely described mechanical atherec- 
tomy catheter device is not included, however. 

It is in part II, where complications and results of angioplasty 
are discussed, that the surgeon will probably have the most 
interest. Ponderous terms such as spasmegenic mechanisms and 
thrombogenic melieu may cool the reader's ardor for a review of 
complications, but he or she will undoubtedly become refocused 
on the subject by statements such as “‘subintimal coronary 
dissection represents a minor complication if the lumen is im- 
pinged upon by less than 50% or the pressure gradient is less 
than 20 mmHg.” The major and minor complications of coronary 
angioplasty are well described, although I am not favorably 
impressed by the use of catheterization laboratory jargon with 
rather prurient overtones to describe such maneuvers as tempo- 
rary wedging of the guiding catheter to provide support for the 
advancing dilating catheter. The authors have rightly pointed 
out, and it must be emphasized again, that the performance of 
emergency coronary artery bypass grafting after coronary angio- 
plasty represents not a complication of percutaneous translumi- 
nal coronary angioplasty but rather an attempt to prevent or 
correct the complication. 

In the discussion of the role of the surgeon, the provision of 
“formal standby” is the only mechanism of backup that is 
considered. A review of practices in other institutions where the 
patient may be taken to the “next available operating room,” 
where stents and bail-out catheters may be relied on, or even 
where definitive surgery may be performed in a combination 
catheterization laboratory/operating room is not discussed. Fur- 
thermore, the ethical and legal obligations assumed by the 
standby surgeon and anesthesiologist, to say nothing of the 
incremental health care costs ascribable to the empty standby 
operating room, warrant discussion. i 

The eventual role of coronary angioplasty in the treatment of 
atherosclerotic heart disease remains unclear. The economics of 
repeated angioplasty versus a more definitive coronary bypass 
procedure done with long-lasting internal mammary artery con- 
duits have been and will continue to be challenged. Similarly, 
maneuvers to reduce the restenosis rates such as insertion of 
stents have yet to be widely applied and withstand the scrutiny 
of time. This monograph, Coronary Angioplasty, edited by Dr 
Goldberg, is a useful and comprehensive document, compact 
and concise enough to be read cover to cover by surgeons and 
anesthesiologists dealing daily with patients undergoing this 
procedure as well as by other physicians wishing to know rather 
more than “what it’s all about.” 
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A 65-year-old man had metastatic calcification forming a 
huge mass located on the dorsum. The calcified mass 
extended into the thoracic cavity and was removed; the 
sixth rib was also resected. Diagnosis and treatment are 
discussed. 

(Ann Thorac Surg 1989;48:426-7) 


Me calcification forming a periarticular mass 
sometimes occurs in patients with chronic renal 
failure. We report findings in a 65-year-old man with a 
huge mass on the dorsum as a consequence of metastatic 
calcification. 

A 65-year-old Japanese man came to the Second Depart- 
ment of Surgery, Kyushu University Hospital, with the 
complaint of a mass on his back (Fig 1). He had been 
under hemodialysis elsewhere for chronic renal failure. 
He had received treatment three times weekly for 5 years. 
Aluminum hydroxide had been withdrawn for the last 9 
months, since hyperaluminemia occurred. Physical exam- 
ination revealed a nontender, partially hard and partially 
soft mass measuring 17 x 12 x 4.5 cm on the left dorsum. 
Serum calcium level was 12.3 mg/L; phosphorus level was 
5.9 mg/L. Serum parathyroid hormone level was elevated 





Fig 1. Huge mass on the dorsum of a 65-year-old man. 
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Fig 2. Chest x-ray film shows a calcified mass. 


to 5.4 ng/mL. Chest x-ray film showed calcification in the 
mass (Fig 2). Computed tomography (Fig 3) demonstrated 
a lobulated mass filled with high-density materials and 
forming fluid level. The tumor extended partly into the 
thoracic cavity. Bone scintiscanning (technetium 99m- 
labeled hydroxymethylene diphosphate, 20 mCi) revealed 
high-uptake spots around the left elbow, left shoulder, 





Fig 3. Computed tomographic scan of the chest shows extension into 
the thoracic cavity. 
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and right hip joint, as well as on the left back (Fig 4); the 
calcified, lobulated mass was evident on the conventional 
x-ray film in each of these areas. Aspiration cytology from 
the back tumor produced a slightly yellowish-white, 
cloudy material. The patient requested surgical removal of 
the most disturbing huge lump on the back. 

At operation, the mass and the sixth rib were excised. 
The tumor had grown expansively into the thoracic cavity 
and was covered with seemingly normal parietal pleura, 
but did not adhere to or invade the intrathoracic structure. 
The surgical specimen weighed 800 g. The cut surface 
revealed numerous cysts, each of which was filled with a 
yellowish-white pasty material (Fig 5). Recovery was 
uneventful, and hemodialysis is being continued three 
times weekly. 


Comment 


Secondary hyperparathyroidism associated with chronic 
renal failure often leads to calcification of soft tissues 
[1-4]. This metastatic calcification appears to occur when 
the plasma calcium and phosphorus product exceeds 70 
{2, 3]. The calcified mass, mainly consisting of calcium 
phosphate [1, 5-7], usually occurs about the hips, elbows, 
and shoulders and resembles tumoral calcinosis. Tumoral 
calcinosis is a separate entity, although it also can mani- 
fest as a periarticular, multilobular calcified mass [5-7]. 
Tumoral calcinosis differs from metastatic calcification in 
chronic renal failure in that it occurs in otherwise healthy 
patients and the serum calcium and parathyroid hormone 
levels are within normal limits [5-7]. To our knowledge, a 





Fig 4. Bone scintiscan from anterior view. High-uptake areas are evi- 
dent on the back, left elbow, left shoulder, and right hip joint. (Cour- 
tesy of Dr T. Tahara, Department of Radiology, Kyushu University 
Hospital.) 
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Fig 5. Cut surface of the tumor showing a multilobulated cystic mass 
filled with amorphous white material. 


metastatic calcification occurring on the dorsum remote 
from any specific joint and extending into the thoracic 
cavity has never been reported. Thus, thoracic surgeons 
should be aware of this occurrence when making a 
differential diagnosis of chest wall tumor. Computed 
tomographic scanning, bone scintiscanning, and aspira- 
tion biopsy are diagnostic. Fluid level formation observed 
on conventional x-ray film is a prominent diagnostic 
characteristic [1], although it was not evident in the 
present case. We found that computed tomographic scan- 
ning more clearly visualized the internal structures of the 
tumor, including fluid level. 

The treatment is symptomatic. Smith and Junor [1] 
reported that extended dialysis time and administration of 
aluminum hydroxide leads to removal of calcium depos- 
its. However, surgical removal appears to be necessary if 
the tumor is large or becomes symptomatic. Total para- 
thyroidectomy and autotransplantation may be indicated 
for select patients [8]. 
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The rarity of sternal tumors makes a good comparative 
study a difficult task. Controversies exist on questions of 
method of surgical diagnosis, the extent of the surgical 
procedure, and the different ways and means of recon- 
struction. We describe a case that was believed to be a 
clear case of chondrosarcoma but was actually a plasma- 


50-year-old man noticed a tender mass on his chest 

wall for one and a half weeks before admission. The 
patient denied any trauma or history of fever, chills, 
nausea or vomiting, difficulty in swallowing, or difficulty 
in breathing. Physical examination showed nothing re- 
markable except for an 8 X 8-cm mass, which was fleshy 
and fixed to the manubrium and sternum; the area was 
tender. No pulsation was noted. Admission laboratory 
data were within normal limits. A skeletal survey of the 
patient was negative except for the manubrium; bone scan 
was also negative. 

A roentgenogram of the sternum and a computed 
tomographic scan showed a layered mass with bone 
destruction at the manubrium (Fig 1C). These findings 
were highly suggestive of a chondrosarcoma. Although 
most investigators today advocate biopsy before surgical 
planning, some still advocate surgical excision in such 
tumor cases [1, 2], especially when a case can be made for 
surgical excision of local plasmacytoma. 


Technique 


At operation, the manubrium of the medial two thirds of 
the clavicles as well as of the cartilage of the first and 
second ribs were widely excised to include the tumor and 
the involved skin. Figures 1A and 1C show the tumor 
before it was removed. Finger exploration behind the 


manubrium was performed to assure that the tumor did . 


not invade mediastinal structures. The tumor was re- 
moved without breaking the pleuras. Figure 2B shows the 
chest defect after the tumor was removed. Both pleuras 
were intact. , 


Reconstruction 


Because we removed the manubrium in its entirety and 
the clavicles partially, we chose a prosthetic material to 
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cytoma. From the evidence of this case and a review of 
the literature we conclude that almost any plasmacytoma 
should be considered generalized multiple myeloma. 
Biopsy should be performed i in all cases of sternal tumor 
before any surgical action is taken. 

(Ann Thorac Surg 1989,48:428-31) 


reconstruct the parts and close the gap, both to obviate 
the need for long intubation and for protection of the 
mediastinal structures, as well as for cosmetic reasons. 
We used a methylmethacrylate sandwiched in a Prolene 
mesh, as shown in Figures 2C and 2D. Before cure, the 
mesh was applied in the gap for proper shape. To protect 
the tissues from the excessive heat produced by the curing 
of the methylmethacrylate, we applied a wet gauze to 
separate the mediastinal structures from the newly. 
formed plate. We then removed the plate from the wet 
gauze and drilled quarter-inch holes (Fig 2D). We fixed 
the plate in place with interrupted wires to the clavicles, 
the ribs, and the remaining sternum (Figs 1D, 2D). 


Muscular Reconstruction 


` We believed that freeing the skin down to the xyphoid 


and laterally to the nipples would allow a primary closure 
of the skin in a T shape (Fig 3). Both pectoralis muscles 
were separated from the distal insertion in the ribs and 
could easily be sutured together above the prosthetic plate 
(Fig 3). The humeral insertions of the muscles were left 
intact. A sump drain was inserted. The skin was closed as 
described (Fig 3D). Postoperatively, the patient did very 
well. After the wound had healed, he had a stable and 
hard sternum. Because the humeral insertions of the 
pectoralis muscles were not reseated, the patient had no 
functional deficits. Microscopic study has shown that the 
tumor is a plasmacytoma. Although a case can be made 
for resection of local myeloma, we believed that the 
prognosis was probably poor. This patient had no signs of 
a myeloma, yet a bone marrow biopsy showed that the 
patient indeed had generalized multiple myeloma. He 
was treated with melphalan and prednisone and was 
discharged from the hospital in good condition. 


Comment 


The methods of managing tumors of the sternum are still 
controversial. Investigators agree, however, that most 
sternal tumors are malignant and that all sternum tumors 
should be considered malignant until proved otherwise. 

Most investigators now advocate a biopsy before oper- 
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Fig 1. (Aj Elevation of the skin. (B) Tumor (Tr) and skin (SK) removed, showing the size of the tumor and the skin removed. (C} Computed to- 
mographic scan at the manubrial level, showing the destroyed sternum and calcification. (D) Chest roentgenogram postoperatively showing the 
wires (Wrs) holding the prosthesis. (D-B = destroyed bone; L-D = line of demarcation, te, margin of skin to be removed.) 


ation [3-5]. Our present case reinforces this attitude, as 
well as the claim that there is no such thing as “localized 
myeloma.” It is always a metastatic disease. It can be a 
Ewing’s tumor, in which case chemotherapy followed by 
operation gives better results than operation and radio- 
therapy. It can be Hodgkin's lymphoma or metastatic 
carcinoma. 

As for surgical management, the wider the excision, the 
better. Whether total sternectomy must be performed 
remains an open question. Should we remove the tumor 
only? What should be the margin around the tumor? 
Should we remove the sternum in its entirety or partially, 
including the inner part of the ribs and the xyphoid? Most 
authors prefer partial resection [3-6], whereas others 
believe that total sternectomy must be performed because 
of the tendency for recurrence, especially in chondrosar- 
coma of the sternum [6]. Although resection of multiple 
recurrences has been reported with some success, we 
advise removing the sternum in its entirety to prevent 
recurrence because the disease can spread through the 
bone marrow to other parts of the body. 

The reconstruction must include some means of prevent- 
ing respiratory deficit, even for a short time. One-week 


endotracheal intubation may cause serious morbidity. 
Even if the patient does well, an unstable mediastinum 
can cause a long-term respiratory deficit. Protection of the 
mediastinal structures is also important. Use of methyl- 
methacrylate in clean cases is recommended even if only 
for cosmetic reasons. 

Describing the function of the sternum in the move- 
ment of the chest cavity may be useful (Fig 4). Present a 
summary of the functional loss according to the part of the 
sternum removed [7, 8]. The pectoralis muscles can be 
used to cover the sternal area without separation of the 
humeral insertions. 

Reconstruction for sternal osteomyelitis is more suc- 
cessful [9] without prosthetic material probably because 
the mediastinum is already stiff due to the previous open 
heart procedure, and prosthetic material tends to become 
infected. Thus, we do not recommend its use. As for skin 
reconstruction, we strongly recommend making an effort 
to use the surrounding skin to cover the defect formed by 
removal of the tumor as we have done. With this primary 
closure, there is no risk that a skin graft will not “take.” It 
is also cosmetically more appealing than the myocutane- 
ous flap. 
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Fig 2. Prosthetic reconstruction. (A) Both medial clavicular heads were resected. The tumor (Tr) was resected from the sternal side and was ready 
to be removed en bloc. (B) Remaining defect after tumor was removed. Upper right lung (RL) and left lung (LL) can be seen. Neither pleura was 
penetrated. (C) Folded Prolene mesh (PR-M) fitted to the size of the defect. (D) Prolene mesh and methylmethacrylate “sandwich” (M&MM) 
were fixed to the clavicles, the ribs, and the upper part of the remaining sternum with wires (Wr). Multiple holes (HL) were drilled before inser- 
tion. 





Fig 3. Muscular and cutaneous reconstruction. (A) The distal part of both pectoralis muscles (Pc-M) was separated from the rib cage. (B) The 
skin was separated from the rib cage down to the xyphoid (Xpd) and laterally beyond the nipples. (C) Approximation in midline of both pectoralis 
muscles. The prosthetic material underneath is apparent. (D) The skin was approximated in a T fashion. The skin at points A, B, and C had cre- 
ated an elevation that had to be removed and flattened. (D = the point of contact between the two lateral parts and the upper portion of the 
wound; Hd = head of the patient; Lt-Pc-M = left pectoralis; Rt-Pc-M = right pectoralis.) 
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Fig 4. (A) Loss of upper sternal body and adjacent ribs. Physiological 
deficit is not clinically significant. (B) Loss of entire sternal body and 
adjacent ribs. Moderate physiological deficit, correctable by reconstruc- 
tive operation; ventilation by tracheostomy is required for a short 
time. (C) Loss of manubrium and upper sternal body with adjacent 
ribs, manubrium, clavicles, first through fifth cartilage, and ribs. Dia- 
phragmatic components are not impaired, but severe deficit exists. 
Reconstruction is necessary, and tracheostomy is needed for several 
weeks unless hard prosthetic material is used. (D) Loss of the total 
sternum including the manubrium and the medial parts of the clavi- 
cles causes severe respiratory deficits because the diaphragmatic com- 
ponents are also impaired. Reconstruction is necessary, including use 
of hard prosthetic material if prolonged intubation and postintubation 
complications are to be avoided. 
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Ductus Diverticulum Aneurysm and Coronary 


Stenosis: Repair Using Circulatory Arrest 


Clinton E. Baisden, MD, Mark E. Sand, MD, S. Carter Keith, MD, 
Joseph F. Jackson, MA, Paul E. Mullen, MD, and William H. Brown, MD 


Departments of Surgery, Medicine, and Radiology, USAF Medical Center Keesler, Keesler Air Force Base, Mississippi 


The case of a 68-year-old man with advanced sympto- 
matic coronary artery disease and large aneurysm of the 
diverticulum of the ductus arteriosus is presented. Both 
the coronary artery disease and the aneurysm were suc- 
cessfully repaired at the same time via median sternot- 


68-year-old man was seen in the clinic for a history 

of progressive dyspnea on exertion and frequent 
episodes of chest pain. A chest roentgenogram showed a 
mass in the region of the left main pulmonary artery. He 
was admitted for further evaluation. 

A complete blood count, automated chemistries, urinal- 
ysis, and resting electrocardiogram were normal. Pulmo- 
nary function tests showed a moderate restrictive defect. 
A ventilation-perfusion scan was normal. Computerized 
axial tomographic scan with contrast of the chest was 
interpreted as demonstrating an aneurysm of the left 
main pulmonary artery; however, a pulmonary arterio- 
gram was normal. 

Cardiac catheterization showed normal saturations and 
right-sided pressures, severe three-vessel coronary artery 
disease, and near-normal left ventricular function. An 
aortogram showed a 6.5-cm saccular aneurysm arising 
from the junction of the transverse and descending tho- 
racic aorta and extending anteromedially (Fig 1). 

The aneurysm, easily accessible through a median 
sternotomy, was located between the aortic arch and left 
pulmonary artery. Thrombus and aneurysmal debris were 
seen extruding through a 2-cm erosion of the left superior 
pericardial reflection. Left femoral artery and two-stage 
right atrial cannulas were used to institute cardiopulmo- 
nary bypass at 2.4 L/min/m? at 25°C. Intermittent cold 
sanguineous cardioplegia, topical ice slush, and a trans- 
mitral left ventricular vent were used for myocardial 
protection. The aorta was cross-clamped while four distal 
coronary anastomoses were performed. The cross-clamp 
was removed (42 minutes), and the patient was further 
cooled to a nasopharyngeal temperature of 20°C while the 
great vessels were individually exposed. A single vascular 
clamp was then applied to the upper cuff of the transverse 
arch, occluding the origin of the great vessels. Total 
circulatory arrest was initiated. The aneurysm was 
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omy using cardiopulmonary bypass and a brief period of 
profound hypothermic circulatory arrest. To our knowl- 
edge, this is the 27th reported case of such an aneurysm 
in an adult. 

(Ann Thorac Surg 1989;48:432-3) 


opened longitudinally, and thrombus was evacuated. A 4 
x 2.5-cm defect in the aorta, composed of firm fibrous 
edges with no “neck,” was closed with a preclotted 
double-velour woven Dacron patch. After a circulatory 
arrest period of 18 minutes, the aortic arch was vented, 
the patient was placed in the head-down position, and 
femoral artery flow was started slowly. Air removal ma- 
neuvers were undertaken, and the great vessel clamp was 
removed. The heart regained spontaneous normal sinus 
rhythm during rewarming and construction of the proxi- 
mal saphenous vein anastomoses. The patient was easily 
separated from catdiopulmonary bypass using an infu- 
sion of dopamine (5 yg/kg/min). 

The next day, the patient was weaned from catechol- 
amine support and was neurologically normal. He was 
extubated after diuresis of retained fluid. Copious secre- 
tions and left lower lobe collapse later necessitated rein- 
tubation and ventilation for an additional two days before 
successful extubation. The remainder of his recovery was 
uneventful. 


Comment 


Aneurysms of the diverticulum of the ductus arteriosus 
are rare in adults. The literature contains 26 reports of 
such aneurysms [1-5], 21 of which are found in a recent 
review [1]. More than half are associated with death from 
erosion into a bronchus, the esophagus, pulmonary ar- 
tery, or pericardium. Although we found no communica- 
tion with the pulmonary artery or remnant of ligamentum 
arteriosum in our patient, the location, size, shape, rim of 
fibrous tissue at its opening, and lack of atherosclerotic 
changes in the surrounding aorta support the diagnosis of 
aneurysm of the ductus diverticulum [2]. 

Recently, the Stanford group reported successful repair 
in 5 patients [1]. Two aneurysms were repaired through a 
left posterolateral thoracotomy using partial cardiopulmo- 
nary bypass, and three were approached through a me- 
dian sternotomy. In 1 patient who had associated coro- 
nary artery disease, revascularization was performed 
initially, followed by an aneurysmorrhaphy during re- 
warming using a partial occlusion clamp. 
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Our patient’s severe coronary artery disease and unsta- 
ble symptoms dictated that revascularization either pre- 
cede or be performed concomitant with aneurysm repair. 
The size of the aneurysm and its impending rupture 
precluded safe placement of a partial occlusion clamp as 
well as any consideration of staged repair. Bypass grafting 
and concomitant aneurysm repair using circulatory arrest 
appeared to be the best choice. 

Not only can these aneurysms rupture during the 
natural course of disease, but, because of their size and 
location, they can also result in compromise of the phrenic 
or recurrent laryngeal nerves. It is of interest that 4 of the 
5 patients reported by the Stanford group initially had 
hoarseness. Our patient’s recurrent laryngeal nerve was 
normal preoperatively and was somehow spared during 
operation. However, his left phrenic nerve was damaged 
either during revascularization or, more likely, during 
aneurysm repair and was contributory to his left lower 
lobe collapse and to the difficulty in weaning him from the 
ventilator. Attempt should be made to avoid damage to 
these nerves during aneurysm repair when possible. 

Coronary revascularization and repair of the aneurysm 
of the ductus diverticulum using median sternotomy and 
a brief period of hypothermic circulatory arrest proved to 
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Fig 1. Anteroposterior and lateral 
subtraction aortogram showing aneu- 
rysm of the diverticulum of the duc- 
tus arteriosus. 


be a safe and effective alternative, providing optimal 
exposure. Because no mobilization of the aorta near the 
aneurysm was necessary, the risk of premature rupture or 
injury from the clamp was avoided. 





We thank Sue Lowe for secretarial assistance in the preparation 
of the manuscript. 
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Combined Revascularization of Coronary and 


Femoral Arteries: A Proposed Alternative 
Hisayoshi Suma, MD, Harumitsu Sato, MD, Hitoshi Fukumoto, MD, and 


Atsuro Takeuchi, MD 


Department of Thoracic Surgery, Osaka Medical College and Soseikai Hospital, Osaka, Japan 


Two patients with both coronary artery disease and leg 
ischemia were successfully treated with a combined 
revascularization procedure. Coronary arteries were by- 
passed with in situ internal mammary artery grafts, and 
bilateral femoral arteries were bypassed with expanded 


Ce occlusive disease in the coronary and the 
aortoiliac arteries has been noted in relatively high 
incidence [1, 2]. To bypass both coronary and femoral 
arteries simultaneously, a new combined procedure was 
attempted in 2 patients. All stenosed coronary arteries 
were bypassed with in situ internal mammary artery 
(IMA) grafts, and bilateral femoral arteries were bypassed 
with expanded polytetrafluoroethylene (PTFE) grafts de- 
scended from the ascending aorta through the preperito- 
neal abdominal wall tunnel. Both patients recovered well 
and experienced no angina pectoris or claudication. 


Patient 1 


A 65-year-old man suffered from severe intermittent clau- 
dication after walking 50 m for 2 years. Because of recent 
onset of chest pain, angiography of the coronary artery 
and the aorta was performed. It showed left main coro- 
nary artery stenosis and complete obstruction of the 
abdominal aorta just below the renal arteries. Both femo- 
ral arteries were perfused through multiple small collat- 
eral vessels. Simultaneous revascularization of coronary 
and femoral arteries was performed in January 1988 using 
bilateral in situ IMA and PTFE grafts. The left anterior 
descending artery was bypassed with the right IMA, and 
the first diagonal branch and the obtuse marginal branch 
were bypassed with the left IMA sequentially. All these 
anastomoses were performed with a continuous suture 
technique with single 8-0 Prolene. After declamping the 
aorta, a PTFE graft (Impra Flex 7 mm) was anastomosed to 
the ascending aorta under the side bite clamp using 5-0 
Gore-tex suture. Then a PTFE graft was passed through 
the preperitoneal abdominal tunnel and through the 
rectus muscle at the groin, and anastomosed to the right 
femoral artery. The left femoral artery also was bypassed 
with the PTFE graft in modified femorofemoral bypass 
fashion as shown in Figure 1. The patient recovered 
uneventfully, and angina and claudication completely 
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polytetrafluoroethylene grafts descended from the as- 
cending aorta through the preperitoneal abdominal wall 
tunnel. Both patients recovered well and experienced no 
angina or claudication. 

(Ann Thorac Surg 1989;48:434-6) 


disappeared. Postoperative angiogram revealed patent 
IMA and PTFE grafts. 
Patient 2 


A 65-year-old man suffered from angina pectoris for 15 
years and claudication after walking 100 m for 7 years. He 





Fig 1. Scheme of the procedure. Coronary arteries were bypassed with 
in situ internal mammary artery grafts, and femoral arteries were by- 
passed with expanded polytetrafluoroethylene grafts descended from 
the ascending aorta and passed through the preperitoneal abdominal 
wall tunnel. 
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TFE Asc Ao-Bil. Fem. a. 





Fig 2. Postoperative angiogram of patient 2. The left anterior 
descending artery (LAD) was bypassed with the right internal mam- 
mary artery (RIMA) (left, top) and the diagonal (Dx) and the high 
lateral branch (HLB) were bypassed with the left internal mammary 
artery (LIMA) sequentially (left, bottom). Bilateral femoral arteries 
(Bil. Fem. a.) were bypassed with polytetrafluoroethylene (PTFE) 
grafts from the ascending aorta (Asc Ao) (right). All grafts were 
patent. 


also suffered from diabetes mellitus and required insulin. 
Angiogram showed severe triple coronary artery steno- 
ses, complete obstruction of the left iliac artery, and 
severe stenosis of the right iliac artery. Electrocardiogram 
showed deep Q wave in leads IL, III, and aVF. Operation 
was performed in April 1988 using the same procedure as 
in patient 1. Patient 2 also recovered well and experienced 
no angina or claudication. All grafts were patent at 2 
months after operation (Fig 2). 


Comment 


Combined cardiac and aortoiliac artery operation recently 
has been performed with an acceptably low risk [3]. 





INVITED COMMENTARY 


It has been 12 years since I described the use of the 
ascending aorta as a source of inflow for a graft to the 
femoral arteries (Ann Surg 1977;186:210-2). The operation 
was devised for patients with severe leg ischemia who 
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Simultaneous revascularization of both coronary and fem- 
oral arteries is advantageous in terms of a shorter duration 
of hospital stay and a faster progress of postoperative 
rehabilitation for patients with angina and leg ischemia. 
However, the ordinary femoral artery bypass procedure 
requires an additional incision to expose the subclavian 
artery for axillofemoral bypass or intraabdominal manip- 
ulation for direct aortoiliac-femoral bypass. Baird and 
associates [4] described their 10 years’ experience with 
extraperitoneal ascending aorta to bifemoral bypass with 
18 patients including 3 who required coronary artery 
bypass grafting simultaneously. The 5-year patency rate 
of this particular graft was 70%. As they mentioned, the 
graft positioned behind the rectus muscle is not visible, 
palpable, or compressible. Although this procedure may 
be limited only to patients unable to undergo standard 
intraabdominal repair if their symptom is leg ischemia 
only, it is more justified when the patient requires revas- 
cularization of both coronary and femoral arteries because 
sternotomy is essential. In our method using in situ IMA 
grafts for coronary artery revascularization, the ascending 
aorta can be completely free from vein graft anastomoses, 
so that the anastomosis of a PTFE graft to the aorta is 
much easier. A PTFE graft can be easily led to the groin 
through the abdominal wall tunnel without laparotomy, 
and spiral beading is protective against kinking of the 
PTFE graft. We believe that this procedure is preferable 
for patients with coronary artery disease and leg ischemia 
both in terms of favorable long-term results of the coro- 
nary artery bypass graft due to excellent patency of the 
IMA [5] and in terms of the technical simplicity of femoral 
artery bypass with the PTFE graft anastomosed to the 
ascending aorta without any additional incision. 
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were not suitable for standard aortofemoral bypass. The 
most common indication was an unapproachable abdo- 
men and previous failure of the standard operation. With 
a past history of graft failure in so many patients, I was 
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gratified that the 5-year patency of 70% was only slightly 
less than that achieved with the standard operation, and 
considerably better than the long-term patency achieved 
with axillofemoral bypass. With our stringent selection 
criteria, the operation has been performed on only 2 to 3 
patients a year, and my total series is now 28 patients. 


As Suma and co-workers point out, the operation is - 


technically easy for anyone trained in both vascular and 
cardiac surgery. Such surgeons are now an aging gener- 
ation in North America. Many of the younger vascular 
surgeons are not comfortable with a sternotomy or the 
ascending aorta; I believe this explains the low number of 
cases reported on this continent. It is easy to perform a 
concomitant cardiac procedure, and we have done so in 5 
patients. The tunneller does not need to go “through the 
rectus muscle at the groin,” but runs in the space in front 
of the posterior rectus fascia to the arcuate line, and then 


Ann Thorac Surg 
1989;48:434-6 


in the preperitoneal space to the groin. Here it appears in 
much the same fashion as the standard graft coming from 
the retroperitoneal space. It is appropriate to attach the 
distal end to the arc of a crossfemoral bypass graft. 

The second patient reported by Suma and co-workers, 
with iliac occlusion on one side ‘and iliac stenosis on the 
other, might have been more appropriately treated by 
percutaneous transluminal dilation of the stenosed artery, 
followed by a standard cross-femoral bypass graft. 

I congratulate Suma and co-workers on bringing this 
operation to the attention of thoracic surgeons. 


Ronald J. Baird, MD 
Department of Surgery 
Toronto General Hospital 
Eaton Building 13-220 
Toronto, Ontario M5G 2C4 
Canada 


Notice From the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery began its re- 
certification process in 1984. Diplomates interested in 
' participating in this examination should maintain a doc- 
umented list of the operations they performed during the 
year prior to application for recertification. They should 
also keep a record of their attendance at thoracic surgical 
meetings, and other continuing medical education activi- 
ties, for the 2 years prior to application. A minimum of 100 
hours of approved CME activity is required. 

In place of a cognitive examination, candidates for 
recertification will be required to complete both the gen- 
eral thoracic and cardiac portions of the SESATS MI 
syllabus (Self-Education/Self-Assessment in Thoracic Sur- 
gery). It is not necessary for candidates to purchase 
SESATS II booklets prior to applying for recertification. 


SESATS HI booklets will be forwarded to candidates after 
their applications have been accepted. 

Diplomates whose 10-year certificates will expire in 
1992 may begin the recertification process in 1990. This 
new certificate will be dated 10 years from the time of 
expiration of the original certificate. Recertification is 
also open to any diplomate with an unlimited certificate 
and will in no way affect the validity of the original 
certificate. o 

The deadline for submission of applications is July 1, 
1990. A recertification brochure outlining the rules and 
requirements for. recertification in thoracic surgery is 
available upon request from the American Board of Tho- 
racic Surgery, One Rotary Center, Suite 803, Evanston, IL 
60201. 





HOW TO DO IT 


Mitral Annular Calcification: A New Technique for 


Valve Replacement 
Thomas J. Vander Salm, MD 


Division of Cardiothoracic Surgery, University of Massachusetts Medical School, Worcester, Massachusetts 


Many dangers attend mitral valve replacement in the 
presence of dense posterior annular calcification. The 
procedurë described has been successful in 4 patients. 
The major elements of this procedure include complete 
ultrasonic debridement of the calcification, reconstitu- 
tion of the disassembled atrioventricular groove, and 
retention of the mitral valve leaflets. 

(Ann Thorac Surg 1989;48:437-9) 


M*™. annular calcification may cause mitral regurgi- 
tation and stenosis. The calcified annular bar poses 
demanding technical problems for the surgeon attempt- 
ing mitral valve replacement. The mass of calcium inter- 
feres with suture placement and may restrict prosthetic 
valvular motion, and its debridement may lead to left 
ventricular rupture [1-5]. 

Techniques for valve replacement in the presence of 
annular calcification include anchoring the prosthesis to 
the mitral leaflets and avoiding the calcification [5], pass- 
ing the sutures through or around the annular calcifica- 
tion [1], suturing the prosthesis above the annulus to the 
left atrial wall, and drilling through the annular calcium to 
create holes for the sutures [6]. Nevertheless, the opera- 
tion still has considerable mortality (27% in-hospital and 
an additional 18% at 1 year) [1]. 

A different valve replacement technique used in 4 
patients with severe mitral annular calcification achieved 
a good intraoperative result and an excellent postopera- 
tive course. The patients were similar: All were elderly 
women (aged 63, 67, 68, and 80 years) with severe mitral 
regurgitation. Two had concomitant coronary artery dis- 
ease, a third had severe tricuspid regurgitation, and the 
fourth had no other cardiac disease. All had posterior 
mitral annular calcification extending in arcs of 180 to 270 
degrees around the circumference. All 4 patients had 
mitral valve replacement, combined with coronary revas- 
cularization in 2 and tricuspid annuloplasty in 1. The 
fourth patient had no additional operative procedures. A 
St. Jude valve was used in each case. 

During short-term follow-up of 1, 6, 9, and 10 months, 
respectively, no patient has had any clinical evidence of 
mitral regurgitation, ventricular rupture, or false aneu- 
rysm, and all are in New York Heart Association class I. 
One patient Has a systolic murmur; 3 have no murmurs. 


Accepted for publicaticn May 30, 1989. 


Address reprint requests to Dr Vander Salm, Department of Surgery, 
University of Massachusetts Medical School, 55 Lake Ave, N, Worcester, 
MA 01655. 


© 1989 by The Society of Thoracic Surgeons 


Echocardiography demonstrates mild mitral regurgitation 
commensurate with that observed with St. Jude valves. 


Technique 


The calcification involved the annulus and the posterior 
leaflet in places, and extended down into the posterior left 
ventricular muscle. The following technique, applied in 
these 4 patients, permits extirpation of the calcified bar 
and mitral valve replacement. 

After entering the left atrium through a standard inci- 
sion posterior to the interatrial groove, make a circuman- 
nular incision in the left atrium a few millimeters periph- 
eral to the calcification (Fig 1). This incision is very similar 
to that described by Cox and colleagues [7] for the 
approach to left free wall tracts in Wolff-Parkinson-White 
syndrome. Carry the incision through the atrial wall 
exposing the atrioventricular (A-V) groove fat pad (con- 
taining the circumflex coronary artery and great coronary 
vein) (Fig 1). The calcification lies immediately anterior 
and will be seen to extend into the arinulus, into the A-V 
groove fat pad, sometimes into the valve leaflet, and into 
the posterior left ventricular wall. It is important to realize 
that the junction between the left atrium and mitral 
annulus and between the mitral annulus and left ventricle 
has already been disrupted, yet remains bonded together 
by the mass of calcium. With an ultrasonic debridement 
tool (Cavitron Ultrasonic Surgical Aspirator, Cooper, 
Stamford, CT), remove all the calcification (Fig 2). This 
requires removing calcium extending into the valve 
leaflet, the wall of the left ventricle, and the A-V groove 
fat pad. Total removal of the calcium insures that the 
remaining pliable tissue will easily coapt with and con- 
form to the rigid prosthetic annulus. Use of ultrasonic 
debridement allows safe removal of the calcification and 
prevents the tearing of the A-V groove vessels that could 
occur from avulsion of the calcium. At the completion of 
the debridement, the cephalad aspect and both the exter- 
nal and internal surfaces of the left ventricular wall will be 
seen, now totally disconnected from the annulus where 
the calcium had been (Fig 3). If the calcification extends 
into and comprises the full thickness of the posterior 
mitral leaflet, the debridement necessarily removes the 
most peripheral portion of the leaflet. The more central 
portion of the leaflet remains attached to the chordae and 
papillary muscles but detached from the annulus. 

Reconstruct the heart with the valve sutures. Teflon felt 
pledget-reinforced sutures may be passed through the 
atrial wall, cephalad to the A-V groove fat pad, through 
the cephalad aspect of the exposed left ventricular wall, 
around the remaining mitral leaflet, and then up through 
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Fig 1. Incision is made through the left atrial wall, posterior to the 
mitral annulus arid over the annular calcification. 


the sewing ring of the prosthetic valve (Figs 3-5). This 
achieves reconstitution of the heart, retention of the 
subvalvular apparatus, and reefing of the mitral leaflet to 
prevent its interference with the St. Jude valve leaflets. 
Place the anterior sutures through the periphery of the 
anterior leaflet and then around the leaflet to accomplish 
the same effect as with the posterior leaflet. It may be 
necessary to reduce the bulk of the anterior leaflet by 
excising from :t a crescent that still preserves its connec- 
tion to the primary chordae. 


Comment 


This valve replacement procedure avoids the disadvan- 
‘tages of techniques that do not remove the calcification. If 
the prosthetic valve is sutured to the left atrial wall, the 
bar of calcification below the prosthesis prevents use of a 
disc valve and may even prevent proper placement of a 
porcine valve, depending on the bulk of the calcification. 
If the prosthetic valve is sutured to the posterior mitral 
leaflet central to the calcified bar, use of a valve that is 
smaller than dzsired may be necessary. In addition, if the 
calcification extends into the valve leaflet, coaptation of 





Ultrasonic 
probe 


Fig 2. The calcification is completely debrided with the ultrasonic 

probe, resulting in disconnection of the left atrium from the left ven- 

tricle from the mitral valve; debridement of the calcification necessarily 
_ removes the annulus. 





Ann Thorac Surg 
1989;48:437-9 





Fig 3. The annular region is reconstructed with the valve sutures. 
The sutures are buttressed with Teflon felt pledgets and inserted as 
horizontal mattress sutures passing through the atrial wall, then 
through the full thickness of the ventricular wall and, finally, around 
the retained mitral valve. 


the leaflet to the sewing ring may be compromised or the 
technique may be impossible. Complete debridement of 
the calcification prevents the problems that occur with 
each of these two techniques. 

Because the bar of calcification separates the left ventri- 
cle. from the mitral annulus, passing sutures around or 
through the bar, or partial debridément of the calcified bar 
without accurate reconstruction of the periannular anat- 
omy, increases the risk of left ventricular or A-V groove 
rupture. This catastrophic event has been described by 
Dark and Bain [4], Roberts and Morrow [3], Spencer and 
associates [2], and Cammack aid co-workers [1]. The 
technique we described in effect anticipates such a rup- 
ture by deliberately creating it intraoperatively and then 
carefully reconstituting the three structures confluent at 
the A-V groove. Because the prosthetic valve abuts 
against pliable tissues rather than against the rigid calci- 
fied bar, the risk of postoperative paravalvular leak 
should be reduced. Furthermore, blindly passing sutures 
around or through the calcified bar jeopardizes the cir- 
cumflex coronary artery. Our technique allows the A-V 
groove fat pad and its coritained vessels to fall posteriorly 





Fig 4, The sutures coapt the posterior left atrial wall, left ventricular 
wall, and posterior leaflet of mitral valve, thus reconstructing the an- 
nular region. 
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Fig 5. The sutures are passed through the prosthetic annulus, and the 
valve is tied into place. 


and lie free of harm from sutures passed under direct 
vision. 

Although this procedure has been designed to avoid 
the ventricular rupture that may accompany partial de- 
bridement of, or passage of sutures through, the calcium, 
risk of such rupture still exists with this procedure and 
constitutes a possible disadvantage. It is disconcerting to 
have disconnected left atrium from annulus from left 
ventricle. If the sutures cut through the left ventricular 
muscle, rupture will occur. No bleeding occurred in any 
of our patients, however, and the repair appeared to be 
secure as it was performed. 

Retention of the mitral leaflets and the subvalvular 
mechanism reduces or eliminates the deterioration in left 
ventricular function that occurs after mitral valve excision 
[8-10]. Our procedure achieves that goal. 

Eguaras and colleagues [11] recently reported use of 
ultrasonic debridement of aortic and mitral valves in 
explanted specimens but did not extend the technique to 
clinical use. Ultrasonic debridement of the bar calcification 
can also be used in conjunction with mitral valvuloplasty 


if the valve leaflet has not been destroyed by calcification. - 


In all 4 of our patients, the calcification extended into the 
posterior mitral leaflets and constituted the entire thick- 
ness of the leaflets. Debridement of the calcification nec- 
essarily left insufficient valve leaflet for reconstruction. 
With mitral bar calcification alone and intact leaflets, 
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however, reconstruction and retention of the native valve 
could be accomplished. 

This valve replacement technique allows insertion of a 
full-sized mitral prosthesis, eliminates the problems asso- 
ciated with retention of the calcified bar in the mitral 
annulus, and permits retention of the mitral apparatus, 
which in turn provides better left ventricular perfor- 
mance. In this limited series of 4 patients, the short-term 
results have been excellent. We recommend continued 
evaluation of this technique when dealing with the vexing 
and dangerous problem of mitral annular calcification. 
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A method is described for using the Favaloro retractor to 
provide retraction during dissection of the anterior wall 
of the heart during reoperative cardiac operations. 

(Ann Thorac Surg 1989;48:440) 


eoperative coronary artery bypass grafting is becom- 
ing increasingly common. In our practice, approxi- 
mately 10% of our open heart procedures are reopera- 
tions. Also, it has become clear that the internal mammary 
artery is the conduit of choice whenever it is available [1, 
2]. Frequently, the internal mammary arteries have not 
been used at the first operation and are still available at 
reoperation. In using the Favoloro retractor to dissect 
down the left internal mammary artery, we noted that it 
also made-dissection of the anterior surface of the heart, 
particularly the areas overlying the ventricles, much eas- 
ier, with much less strain on the operator and assistant. 
We have used this method of retraction for more than 1 
year. We like it so much that we have started using it for 
reoperations even when the left internal mammary artery 
is not being used. 


Technique 


The initial median sternotomy incision is made, and the 
sternum is cut with the oscillating saw. The underside of 
the sternum is freed enough to allow placement of the 
Favoloro retractor. The left side of the sternum is then 
retracted, and the plane of dissection is carried along the 
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anterior surface of the right and left ventricle, with the 
retractor providing excellent exposure by placing steady 
tension on the adhesions over the anterior surface of the 


_ heart and providing easy access all the way to the apex. 


After the anterior surface of the left heart is freed, the 
Favoloro retractor is left in place and the left internal 
mammary artery is dissected down in the usual fashion 
using cautery and clips. 

We find it easier to dissect out the heart first, because 
once the mammary pedicle is dissected down, the pedicle 
and the edge of the pericardium fall into the operator's 
field of view and make dissection of the adhesions over 
the heart more difficult. i 

After the left internal mammary artery is taken down, 
the aorta and the right heart are freed and the patient is 
cannulated for bypass in the routine fashion. We usually 
dissect out the posterior aspect of the heart after the start 
of bypass. i 


Comment 


We describe a simple method for using the Favoloro 
retractor to provide exposure in dissecting out the anterior 
surface of the heart in reoperative cardiac operations. The 
Favoloro retractor provides strong and steady retraction 
and frees an assistant from a tedious task. 
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Most cardiac surgical procedures performed in 1989 are 
accomplished with the aid of some type of controlled, 
chemically induced cardiac standstill. Although the 
physiological principles involved were described in the 
late 19th century, the first clinical application was not 
until 1955. Because many surgeons believed that myocar- 
dial injury resulted from the toxicity of the agents used, 
the technique was largely abandoned for about 15 years. 
With the increasing volume of coronary revascularization 
surgery and with the need for protection of donor hearts 
intended for orthotopic transplantation, chemically in- 
duced cardiac standstill became more appealing and the 
technique was revived and reevaluated in several cen- 


bservation that cations in the extracellular medium 
had a profound effect on cardiac action was first 
established by the classic studies by Ringer [1], which 
were published in 1883. After observing the disordered 
contractile pattern of ventricular fibrillation in experimen- 
tal animals, Hooker [2] in 1929 suggested that a solution of 
potassium chloride might be used to alter this condition. 
In 1955, Melrose and associates [3] described both animal 
and clinical studies using a solution of concentrated 
potassium citrate to effect elective cardiac arrest and also 
described resumption of normal cardiac activity after 
reperfusion. In the same year, Lam and colleagues [4] in 
Detroit used high concentrations of potassium chloride 
for the same purposes with similar results. In 1959, Sealy 
and colleagues in Durham [5] used a solution containing 
potassium, magnesium, procaine, and neostigmine in a 
series of clinical cases. Use of induced cardiac arrest, 
however, fell into disfavor several years later after a report 
of some unexpected postoperative deaths that were seem- 
ingly related to administration of potassium citrate and 
after the description by Helmsworth and associates [6] of 
focal areas of microscopic myocardial injury believed to 
result from administration of a toxic substance. In 1960, 
Swedish investigators Bjork and Fors [7] reported that less 
myocardial damage resulted after a period of ischemia 
alone than when the ischemia was accompanied by either 
potassium- or acetylcholine-induced arrest. 

The occurrence of unexpected deaths and the associa- 
tion of these deaths with chemically induced cardiac 
arrest resulted in virtual abandonment of the technique 
for nearly 15 years. During this time, cardiac operations 
were performed on the beating perfused heart, the inter- 
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ters. In the last several years, the constitution of car- 
dioplegic solutions and the methods by which they are 
delivered have been greatly modified. Although the most 
effective solution and technique may yet remain to be 
described, unquestionably controlled chemically in- 
duced cardiac standstill has contributed substantially to 
the ease and safety with which cardiac surgical proce- 
dures can be accomplished. This vignette, although far 
from complete, outlines some of the important works 
that have contributed to the evolution of cardioplegic 
techniques. 


(Ann Thorac Surg 1989;48:441-3) 


mittently perfused heart, or the ischemic topically cooled 
heart. Each of these techniques, although effective in 
some situations, leaves something to be desired both as a 
method of myocardial protection and as a technique for 
establishing a quiet and bloodless operative field. 

After the studies of Wiggers [8] in 1954 examining the 
relationship between cardiac contraction and coronary 
blood flow, Sabiston and Gregg [9] in 1957 reported that 
the net effect of cardiac contraction was to impede coro- 
nary blood flow. In 1958, Beuren and colleagues [10] in 
classic studies reported that externally measurable work 
was the primary determinant of myocardial oxygen con- 
sumption. Later in the same year, McKeever and co- 
workers [11] reported that the arrested heart consumed 
less oxygen than either the fibrillating or the beating 
nonworking heart in an isolated heart preparation. Fur- 
ther reduction in oxygen consumption was demonstrated 
in the studies by Fuquay and associates [12] in 1962 when 
they cooled the cardiac perfusate. 

In 1960, Lower and Shumway [13] described the tech- 
nique for orthotopic cardiac transplantation, and Barnard 
[14] accomplished the first operative success in orthotopic 
cardiac transplantation in humans in 1967. It was then 
obvious that if cardiac transplantation was to become a 
technology with wide clinical applicability, some method 
for ex vivo preservation of the heart would be mandatory. 
In 1966, Webb and associates [15] had described a tech- 
nique using metabolic inhibitors to establish a state of 
“suspended anirnation” of the heart. © 

Stimulated by those events and encouraged by my 
mentors (W. C. Sealy, D. C. Sabiston, Jr, and P. A. Ebert), 
in 1968, as a surgical resident, 1 began a series of labora- 
tory investigations with the goal of identifying a tech- 
nique that would enable prolonged protection of the 
excised heart. Initial efforts using various types of perfu- 
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Table 1. Compesition of High-Potassium Solution Used to 
Induce Cardiac Arrest in Early Studies 








Amount 
Constituent (g/1,000 mL) 
NaCl 4.0 
KCI 2.5 
Glucose 2.0 
NaHCO, 1.0 
K = 25 mEq/L; Osmol = 275 + 5 mosm/L. 


pH = 7.5; 


sates and perfusion devices proved futile. In most of these 
studies, the isolated animal heart, probably because of 
overperfusion, became hemorrhagic and edematous and I 
was unable to assess either function or metabolism. 

I put my investigations on “hold” while completing my 
surgical residency. I resumed them after joining the 
faculty at Cornell University Medical Center where, using 
an isolated, supported heart preparation, my colleagues 
and I evaluated the metabolic, functional, and morpho- 
logical effects of potassium-induced cardioplegia [16]. In 
this study, we confirmed the earlier findings of McKeever 
and co-workers [11] demonstrating a fourfold decrease in 
oxygen consumption in the arrested heart compared with 
the beating, nonworking heart, the paced heart, and the 
fibrillating heart. A slight decrease in coronary vascular 
resistance was also observed in the arrested heart com- 
pared with the beating, paced, or fibrillating heart, but 
there was no difference in lactate extraction. Furthermore, 
the potassium-arrested heart tolerated 60 minutes of nor- 
mothermic ischemia with only a mild reduction in ven- 
tricular function, whereas hearts subjected to 60 minutes 
of ischemia alone were not viable enough to have their 
function assessed. There was no histologically identified 
damage in the potassium-arrested hearts after 60 minutes 
of ischemia, but hearts subjected to ischemia alone had 
widespread necrosis. The cardioplegic solution used in 
those studies is shown in Table 1. 

After finding that “switching off” the excitable mem- 
brane of the myocardial cell using hyperkalemia protected 
the heart from normothermic ischemia, we then at- 
tempted to document that the same principle could be 
‘applied to other excitable membranes during total-body 
circulatory arrest. In this study, groups of experimental 
animals were subjected to 15 minutes of complete circu- 
latory arrest and were evaluated with respect to short- 
term survival (recovery from anesthesia) and brain levels 
of energy metabolites. None of the normothermic control 
animals awoke from anesthesia. All animals that received 
an infusion of high potassium solution and were kept at 
normothermia awoke, as did all animals cooled to 15°C, 
which indicates that both hypothermia and hyperkalemia 
may have a protective effect on the brain during total 
circulatory arrest. There was, however, no correlation 
between levels of high energy compounds in the brain 
and survival. The only clearcut difference was that the 
hypothermic group had’ higher glycogen levels, a difer- 
ence probably due to the effect of low temperature on 
certain enzymes [17]. 
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One of the more formidable challenges in cardiac sur- 
gery in the early 1970s was the successful performance of 
aortic valve replacement in elderly patients with heavily 
calcified valves and extreme degrees of left ventricular 
hypertrophy. The standard techniques of myocardial pro- 
tection at that time included intermittent or continuous 
perfusion of the coronary arteries with blood from the 
pump oxygenator or use of topically applied hypother- 
mia. In my experience, neither of these techniques proved 
entirely satisfactory. Therefore, hyperkalemic cardiac ar- 
rest was first tried in this group of patients. The results 
were most satisfying in that the technique resulted in 
establishment of a quiet and relatively bloodless operative 
field, did not require continuous or intermittent holding 
of a device in the coronary ostia and, most important, 
resulted in routine survival of the patients. We then began 
to use potassium cardioplegia routinely in other types of 
cardiac operations. The composition of the crystalloid 
cardioplegia used in most of these cases is as follows: to 
1,000 mL of 5% dextrose in one-fourth normal saline is 
added 40 mEq KCI and 10 mEq NaHCO, (K = 40 mEq/L, 
PH 7.7; osmolarity = 320 mosm/L). This solution was later 
modified by reducing the potassium concentration to 20 
mEq/L and reducing the added bicarbonate to 5 mEq. I 
used that crystalloid solution exclusively until 1984 with 
quite satisfactory results. 

I would be remiss if I did not aaide the tremen- 
dous boost in confidence I obtained from reading the 
report by Kirsch and associates [18] in 1972, describing 
their clinical experience using a magnesium-based car- 
dioplegic solution. 

Many individuals in cardiac surgery continue to use 
crystalloid cardioplegia and, indeed, I use a modification 
of the crystalloid cardioplegic solution described for pres- 
ervation of donor hearts to be transplanted. Most sur- 
geons now use some form of blood cardioplegia as the 
method of choice. The studies of Follette [19], Barner [20], 
Catinella [21], and their associates clearly establish blood 
as the preferred delivery vehicle for cardioplegic agents. It 
is doubtful, however, that the final chapter in myocardial 
preservation has been written. The description of a reper- 
fusion injury has created a new challenge. Moreover, the 
efficacy of other additives to cardioplegic solutions (os- 
motic agents, local anesthetic agents, other cations, corti- 
costeroids, glucose, insulin, calcium channel blockers, 
various metabolic intermediates) remains to be evaluated 
thoroughly. There can be no doubt that intraoperative 
myocardial protection is much more effective now than it 
was 20 years ago, and unquestionably it has contributed 
to the lowering of mortality rates in cardiac surgery. 
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A 25-year experience (May 1962 through April 1987) with 
pulmonary artery banding in 183 patients was reviewed 
and analyzed. Pulmonary artery banding was performed 
in a heterogenous group of patients aged two days to 60 
months (median, 10 weeks; mean, 21.8 weeks) and 
weighing 1.4 to 13.8 kg (mean, 4.2 kg). Diagnosis was 
ventricular septal defect in 76 (41.5%) and atrioventricu- 
lar communis in 41 (22.4%). Pulmonary artery banding 
was also used in patients with d-transposition of the 
great vessels with ventricular septal defect, double-outlet 
right ventricle, univentricular heart, tricuspid atresia, 
and truncus arteriosus. Early death occurred in 39 of 175 
patients who underwent pulmonary artery banding at 
Ochsner Foundation Hospital (22.3%). Definitive opera- 
tion has been performed in 37 of the patients who 
underwent pulmonary artery banding since 1979 with 
excellent outcome in 32 (86.5%). Pulmonary artery band- 


ulmonary artery (PA) banding was first used clinically 
by Muller and Dammann [1] in 1951. Over the next 
decade, techniques for definitive correction of congenital 
intracardiac defects became available [2—4]. Because of the 
high mortality associated with cardiopulmonary bypass in 
small infants, however, palliative PA banding was used 
initially, with definitive anatomical correction at an older 
age [5]. In recent years, there has been a trend to proceed 
with definitive repair of intracardiac lesions in younger 
and smaller children. 

Pulmonary artery banding has been performed at 
Ochsner Foundation Hospital since 1962. We review a 
25-year experience with PA banding and analyze the 
changing role of this procedure in the management of 
infants with congenital cardiac malformations manifested 
by excessive pulmonary blood flow and pulmonary hy- 
pertension. 


Material and Methods 


Patient Population 

From May 1962 through April 1987, 175 patients under- 
went PA banding at the Ochsner Foundation Hospital. 
During this period, 7 other patients had definitive opera- 
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ing is a useful palliative procedure for a diverse group of 
patients with congenital cardiac, anomalies and unie- 
stricted pulmonary blood flow. With improved results of 
primary repair of intracardiac anomalies in small infants, 
however, pulmonary artery banding should be reserved 
for severely ill patients with complex lesions not amena- 
ble to early definitive correction. Currently, pulmonary 
artery banding is indicated in patients with excessive 
pulmonary blood fiow and single ventricle or tricuspid 
atresia. Pulmonary artery banding is also appropriate in 
certain patients with atrioventricular communis and in 
patients with muscular or multiple ventricular septal 
defects. Pulmonary artery banding is an option in pa- 
tients with ventricular septal defect and coarctation of 
the aorta. 


(Ann Thorac Surg 1989;48:444-50) 


tions, and 1 patient underwent a palliative procedure 
subsequent to PA banding elsewhere. All patients with 
PA bands seen through April 1987 are included. Clinic 
and hospital records were reviewed retrospectively. Late 
follow-up was obtained through December 1987. 

Before PA banding, all patients underwent diagnostic | 
cardiac catheterization and angiography. Since. October 
1981, high-resolution two-dimensional echocartiography 
has also been used routinely. 


Procedure 

The PA band was made from strips of woven Dacron 3 to 
7 mm wide (a narrower band was used in cases of 
unilateral or individual-bilateral PA banding). Since 1970, 
PA bands have been coated with silicone to facilitate later 
removal. The band was sutured to the wall of the PA to 
prevent distal migration. In general, the adequacy of PA 
constriction was determined intraoperatively by measure- 
ment of distal PA pressure. However, at the surgeon's 
discretion, pressure measurements were omitted after 
inspection and palpation of the banded PA. Complete 
reevaluation was perfornied in all patients with PA bands 
before subsequent definitive or palliative operations; in 
most cases, this included repeat cardiac catheterization 
and angiography. 


Results 


Pulmonary artery banding was performed in 88 male and 
95 female patients with an age range of two days to 60 


0003-4975/89/$3.50 


Ann Thorac Surg 
1989;48:444 50 


30 


25- 


20 


15 


Patients (%) 


10 


<1 week 1 week to 
1 month 3 months 6 months 


Age 


months (median age, 10 weeks; mean age 21.8 + 2.7 
[standard error] weeks). Fifteen patients (8.2%) were aged 
less than 1 week, and 52 (28.4%) were aged less than 1 
month. Nineteen patients (10.4%) were aged more than 1 
year at the time of PA banding (Fig 1). In the past 5 years, 
no PA bands were placed in children aged more than 1 
year. Weight at PA banding was 1.4 to 13.8 kg (mean 
weight, 4.2 + 0:2 kg). Most of these children had severe 
failure to thrive (Fig 2). 

The indication for PA banding was excessive pulmo- 
nary blood flow with pulmonary hypertension and heart 
failure. The primary anatomical diagnoses are shown in 
Figure 3. All patients with the diagnosis of atrioventricu- 
lar communis (AVC) had marked deficiencies of the 
ventricular septum (ie, complete form of AVC). The 
circumstances of PA banding in patients with the diagno- 
sis “other” are shown in Table 1. Ninety-nine patients 
(54.1%) had additional cardiovascular anomalies. These 
included patent ductus arteriosus (PDA) in 81 (44.3%), 
coarctation of the aorta in 26 (14.2%), interrupted aortic 


12 
11 
10 Sth 
g 
= 8 
2 7 
les 6 
po 
D 5 
3 “lg 
s al 
3 
2 
if 





o 10 20 30 
Age (months) 


Fig 2. Weight at pulmonary artery banding. Patients are compared 
with normal females aè the 5th and 50th percentile. 
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Fig 1. Age at pulmonary artery banding. 


>12 months 


arch in 18 (9.8%), and atrial septal defect in 19 (10.4%). 
Patients who recéntly had PA banding for ventricular 
septal defect (VSD) were smaller and had more complex 
anatomical and physiological problems (Table 2). 


Table 1. Circumstances of Pulmonary Artery Banding in 


. Patients With Diagnosis of “Other” 


; No. of y 
Circumstances Patients Comment 
Unilateral pulmonary 2 Both patients. underwent 

hypertension with unilateral PA banding* 
contralateral 


pulmonary ischemia 


Preparation for arterial 2 One patient underwent a 
switch procedure in Mustard opération 41 
patients with TGV months later with good 


and intact ventricular 
septum 


Error in preoperative 
diagnosis 


* See Table 3. 
patients. 


PA = pulmonary artery; 


outcome. The other 
patient died 37 months 
after banding. 


All of these patients were 


examined before two- 
dimensional 
echocardiography was 
used. These patients had 
severe PA hypertension” 
and were believed to 
have a VSD. All 3 
patients died within 30 
days of operation. At 
autopsy, the ventricular 
septum was intact in all 
3. Two had : 
cardiomyopathies and 1 


had mitral stenosis. 


> Mean systolic PA pressure was 94 mm Hg in these 3 


TGV = d-transposition of the great vessels; 
VSD = ventricular septal defect. 
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Fig 3. Diagnosis in patients who underwent artery 45 
banding. Coarctation of the aorta or interrupted aortic : 
arch was present in 44 of 183 patients (24.0%). 40 
(AVC = atrioventricular communis; DORV = dou- 

ble-outlet right ventricle; TGV-VSD = d-transposi- 35 
tion of the great vessels with ventricular septal defect; 
VSD = ventricular septal defect.) 


Patients (%) 


Banding of the main PA was performed i in 176 patients 
(96.2%). Systolic PA pressure before banding was 80.5 + 
1.8 mm Hg, and systolic PA pressure after banding was 
46.1 + 1.3 mim Hg. The decrease in PA pressure with 
banding was 41.4% + 1.8%. Systolic PA pressure at the 
time of definitive operation was 38.0 + 2.3 mm Hg (Fig 4). 
The ratio of systolic PA pressure to systemic pressure was 
0.53 + 0.02 immediately after banding and 0.40 + 0. 05 at 
the time of deiinitive operation. Unilateral or individual- 
bilateral PA bariding was performed in 7 patients (3.8%) 
when main PA banding was not feasible (Table 3). Simul- 
taneous procedures were performed in 101 patients 
(55.2%) (Table 4). 

` Complications related to the tightness or position of the 
band occurred in 44 patients (24%) (Table 5). Other 


complications included hemorrhage during placement of © 


the band in 1 patient (successfully controlléd) and peri- 
cardial fluid collections requiring surgical drairiage in 2 
patients. In 5 patients, a VSD closed spontaneously. 
Follow-up is complete in 166 of the 183 patients (90.7%) 
(Table 6). The mean follow-up period is 51.6 + 4.5 


Table 2. Comparison of Patients Who Underwent Pulmonary 
Artery Banding for Ventricular Septal Defects During the - 
First 100 Months and Most Recent 100 Months of the Series 


May 1962 to January 1979 
Variable August 1970 to April 1987 
No. of patients 18 35 
Age (wk)* 27.5 + 8.5 15.7 + 5.9 
Weight (kg)* 4.7 + 0.4 3.6 + 0.3 
Coarctation of the aorta‘ 2 (11.1) 9 (26.5) 
Interrupted aortic arch* 0 7 (20.0) 
Patent ductus arteriosus“ 3 (16.6) 20 (57.1) 
Multiple VSDs* 0 26.7) 


a Mean + SE. 
theses are percentages. 


>p = 0.05 5 by Student's ¢ test. 
4 p = 0.01 by ¥ analysis. 


VSD = ventricular septal defect. 


€ Numbers in paren- 
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months; 1 patient has been followed for 22 years since PA 
banding. Early death occurred in 39 of 175 patients 
(22.3%) who underwent PA banding at Ochsner Founda- 
tion Hospital. This includes 36 deaths within 1 month of 
operation as well as 3 late hospital deaths (56 to 60 days 
after operation). Diagnoses i in this group of patients are 
shown in Fig 5. Eighteen of the 39 patients (46.1%) had 
some form of obstruction to left ventricular outflow: 
coarctation of the aorta in 8 (20.5%) and interrupted aortic 
arch in 10 (25.6%). Conversely, there were eight deaths 
among the 26 patients who had coarctation of the aorta 
(30.8%) and ten deaths among the 18 patients with an 
interrupted aortic arch (55.6%). In the 131 patients with 
unobstructed left ventricular outflow, there were 21 early 
deaths (16.0%). 

One hundred five patients (57.4%) have had or are 
currently awaiting definitive surgical repair. Among 89 


100 
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‘Before Immediately i : Time of 
Banding After Banding Definitive Surgery 
(n = 142) (n = 89) (n = 71) 
Fig 4. Changes in pulmonary artery (PA) pressure with banding of 
the main pulmonary artery. Systolic PA pressure before banding was 
80.5 + 1.8 mm Hg, and systolic PA pressure after banding was 46.1 
+ 1.3 mm Hg. Systolic PA pressure at the time of definitive opera- 
tion was 38.0 + 2.3 mm Hg. 
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Table 3. Unilateral and Individual-Bilateral Pulmonary 
Artery Banding 


No. of 
Diagnosis Patients Comment 
Unilateral PA banding 
DORV, hypoplastic 1 Unilateral right pulmonary 
left PA hypertension. Contralateral 
PA hypoplasia resulted in 
acceptable perfusion of 
the left lung. Pulmonary 
hypertension precludes 
definitive operation.* 
Single ventricle, 1 Unilateral pulmonary 
stenosis of main hypertension with 
PA and left PA, contralateral pulmonary 
previous ischemia.‘ Pulmonary 


anastomosis of 
right PA to aorta? 


Ventricular and atrial 1 


hypertension precludes 
definitive operation.* 


Unilateral pulmonary 


septal defects, hypertension with 
PDA, atresia of contralateral pulmonary 
right PA ischemia.‘ 

Truncus arteriosus, 1 Early death. 
atresia of left PA 

Individual-bilateral PA 

banding 

Truncus arteriosus 2 Early death. 
{type ID 

Single ventricle, 1 Previous operation for 
hypoplastic aortic jejunal atresia. Early 
arch death. 


a See Table 7. P This operation was performed elsewhere. The right 
pulmonary artery was divided and a side-to-end aortopulmonary anasto- 
mosis was performed. “© Primary diagnosis: Other. See Table 1. 


DORV = double-outlet right ventricle; 
PDA = patent ductus arteriosus. 


PA = pulmonary artery; 


patients who have undergone PA banding since 1979, 37 
have subsequently undergone definitive operation, with 
excellent outcome in 32 (86.5%). Four patients (2.2%) have 
complex anomalies not amenable to definitive repair; all 


Table 4. Procedures Performed at Same Operation as 


Pulmonary Artery Banding 

No. of 
Procedure Patients* 
Ligation of patent ductus arteriosus 83 (45.4) 
Correction of coarctation of the aorta 18 (9.8) 
Correction of interrupted aortic arch 16 (8.7) 
Atrial septectomy 10 (5.5) 
Lung biopsy 4 (2.2) 
Other 2 (1.1) 
Total No. of patients with additional procedures 101 (55.2) 


performed at time of pulmonary artery 
banding 


* Numbers in parentheses are percentages of 183 patients. 


REVIEW HOROWITZ ET AL 447 
PULMONARY ARTERY BANDING 


Table 5. Complications Related to Tightness or Position of the 
Pulmonary Artery Band 


No. of 

Complication Patients* 
Band required revision 8 (4.4) 
Definitive operation necessary 5 (2.7) 

within 1 year? 
Persistent pulmonary hypertension“ 274 (14.7) 
Distal migration 9 (4.9) 
Total No. of patients with 44 (24) 

complications related to tightness 

or position of band® 
a Numbers in parentheses are percentages of 183 patients. © Definitive 


operation was deemed necessary because of persistent or recurrent heart 
failure refractory to medical therapy. “© Systolic pulmonary artery pres- 
sure greater than or equal to 60 mm Hg or greater than or equal to 60% of 
systemic pressure at time of recatheterization, or both. d Two of these 
patients had unilateral pulmonary artery banding. In both, pulmonary 
hypertension precludes definitive operation. See Table 7. © Five pa- 
tients had two of these complications. 


these patients have required further palliative procedures. 
Three patients (1.6%) have severe pulmonary hyperten- 
sion precluding further repair; 2 of these patients had 
unilateral PA banding. One patient was referred at 18 
months of age with an isolated VSD. Unfortunately, her 
severe pulmonary hypertension persisted despite PA 
banding (Table 7). 


Comment 


A 25-year experience with PA banding in a single institu- 
tion was reviewed and analyzed. Pulmonary artery band- 
ing has been used as a palliative procedure in patients 
with a variety of congenital cardiac anomalies [6-10]. The 
ideal role of PA banding requires ongoing reassessment, 
however. Whereas PA banding was at one time fre- 
quently used in patients with uncomplicated VSD [5, 6], 


Table 6. Follow-up After Pulmonary Artery Banding 





No. of 
Endpoint Patients? 
Early death 39 (22.3)? 
Late death 15 (8.2) 
Definitive operation 89 (48.6) 
Awaiting definitive operation 16° (8.7) 
Not suitable for definitive repair 4 (2.2) 
Pulmonary hypertension 3 (1.6) 

precluding definitive repair® 

Lost to follow-up 17 (9.3) 


* Numbers in parentheses are percentages. > This figure represents 
early mortality among 175 patients who underwent initial pulmonary 
artery banding at Ochsner Foundation Hospital. All other percentages are 
based on the entire group of 183 patients. | © One of these patients is 
currently being treated for acute lymphoblastic leukemia. Her cardiovas- 
cular status is good 5 years 6 months after pulmonary artery banding, and 
definitive repair will await the outcome of treatment for leukemia. 
4 See Table 7. 
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Fig 5. Diagnosis in patients who died early after pul- 40 
monary artery banding. Coarctation of the aorta or 

interrupted aortic arch was present in 18 of the 39 35 
patients who died (46.1%). (AVC = atrioventricular 

communis; DORV = double-outlet right ventricle; 30 


TGV-VSD = d-transposition of the great vessels with 
ventricular septal defect; VSD = ventricular septal 
defect.) 


Early Deaths (%) 


today early detinitive repair is generally performed at our 
institution and elsewhere [9-11]. The role of PA banding 
in VSD associated with coarctation of the aorta is less clear 
[10]. Problems associated with this approach include 
increased difficulty and risk of subsequent definitive op- 
eration, and spontaneous closure of the VSD in a number 
of patients necessitating subsequent operation solely to 
remove the band. Consequently, repair of the coarctation 
without PA banding is advocated [12]. Another approach 
is repair of both coarctation and VSD at the same opera- 
tion using either median sternotomy [13] or thoracotomy 
followed by median sternotomy [14]. According to Kirklin 
and Barratt-Bcyes [15], the indication for PA banding for 
primary VSD is limited to severe heart failure in patients 
with Swiss-cheese septum, or severe coarctation of the 
aorta in the first 2 months. When PA banding is required 
at the time of coarctation repair, early definitive operation 
(2 to 3 months) should be performed. 

The treatment of AVC, and particularly the role of PA 
banding, is controversial. The marked morphological vari- 
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ability within the group of patients considered to have 
complete AVC hampers analysis and comparison of var- 
ious methods of therapy [16]. Pulmonary artery banding 
has been recommended as the initial surgical procedure in 
infants with AVC, with early mortality rates of 4.7% to 
30% [17, 18]. However, primary repair of this defect 
within the first year is advocated by Bender and associates 
[19] based on good outcome in 21 of 24 patients. Despite 
the trend toward early definitive repair of AVC defects, 
PA banding is the preferred approach in seriously ill 
infants with right or left ventricular hypoplasia [20, 21]. 
The surgical management of d-transposition of great 
vessels with VSD and double-outlet right ventricle and 
subpulmonary VSD is undergoing rapid evolution. Quae- 
gebeur and co-workers [22] reported an early mortality of 
16% in 43 patients who underwent an arterial switch 
procedure for these anomalies in an 8-year period. Most 
important, the results improved with time, and the actu- 
arial 1-year survival for patients operated on in 1985 was 
99.7%. These investigators concluded that PA banding 


Table 7. Patients with Pulmonary Hypertension Precluding Definitive Operation 


Diagnosis Type of Banding 
DORV, hypoplastic left PA Unilateral banding of 
right PA 
Single ventricle, stenosis of main Unilateral banding of 
PA and left PA, previous right PA 


anastomosis of right PA to 
ascending aorta* 


Ventricular septal defect Main PA banding 


Age at 
Banding 
(mo) Comment 
2 At age 11 years, PA pressure was 103/50 mm Hg. 
45 Biopsy of right lung at time of banding with changes of 
pulmonary hypertension (grades 3 and 4°). 
18 PA pressure before banding was 100/51 mm Hg. PA 


pressure 5 years later was 127/65 mm Hg. Patient 
attends high school but has dyspnea on exertion. 


* This operation was performed elsewhere. The rght pulmonary artery was divided, and a side-to-end aortopulmonary anastomosis was performed. 
> Heath D, Edwards JE. The pathology of hypertensive pulmonary vascular disease. A description of six grades of structural changes in the pulmonary 
arteries with special reference to congenital cardiac septal defects. Circulation 1958;18:533-47. 


` DORV = double-suilet right ventricles PA = pulmonary artery. 
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was not indicated regardless of age or size. However, 
others [9, 10] continue to prefer initial PA banding with 
delayed definitive operation for d-transposition of the 
great vessels with VSD and double-outlet right ventricle. 
Because the results of early anatomical repair of d- 
transposition of the great vessels with intact ventricular 
septum are very good [22], there is no indication for initial 
PA banding followed by late arterial switch. 

Pulmonary artery banding for truncus arteriosus has 
been associated with multiple problems and high mortal- 
ity. Positioning of the band proximal to the PA bifurcation 
(type I) frequently results in unequal narrowing of the two 
branches, with marked imbalance in pulmonary perfusion 
[23]. Individual-bilateral PA banding has also been unsat- 
isfactory, with a high rate of complications [10]. The 
results of definitive repair are currently good, and this is 
the preferred approach for this anomaly [24]. At Ochsner 
Foundation Hospital, only 1 patient has had PA banding 
for truncus arteriosus in the past 10 years. 

The usefulness of PA banding has been questioned, 
and its role is currently limited in the management of the 
anomalies discussed in this report. However, there is still 
an important place for PA banding in infants with either 
single ventricle or tricuspid atresia and unrestricted pul- 
monary blood flow. Definitive surgical management of 
these anomalies by a Fontan-type procedure is performed 
between the ages of 1 and 5 years [15]. Pulmonary artery 
banding is particularly valuable in preventing alterations 
in pulmonary vascular resistance, which could preclude 
ultimate surgical repair. A major problem with PA band- 
ing in single ventricle and tricuspid atresia is the devel- 
opment of severe outflow chamber obstruction associated 
with spontaneous closure of the VSD. Attempts to correct 
this problem have been associated with a high mortality 
[15]. 

Pulmonary artery banding in patients with left ventric- 
ular outflow obstruction’ requires special consideration. 
This situation is complex in that after banding biventric- 
ular outflow obstruction exists in varying degree. In this 
seties, 18 of the 39 patients (46.1%) who died early had 
some form of obstruction to left ventricular outflow, and 
the early mortality rate for patients who had left ventric- 
ular outflow obstruction was 40.9%, as compared with 
early mortality of 16.0% in patients with unrestricted left 
ventricular outflow. The role of PA banding in patients 
with coarctation of the aorta associated with VSD has 
been discussed. When associated with complex intracar- 
diac defects, coarctation of the aorta has a poor outcome, 
with 5-year survival as low as 40% [25]. Goldman and 
associates [12] recommend PA banding, at the time of 
coarctation repair, in patients with associated complex 
intracardiac lesions. In patients with an interrupted aortic 
arch, reconstruction of the aorta with simultaneous PA 
banding has béen recommended [26]. High mortality with 
this technique has led to other approaches, however. 
Hammon and co-workers [27] recommend direct recon- 
struction of the aortic arch and repair of the intracardiac 
defects using a median sternotomy and hypothermic 
circulatory arrest. When the aortic interruption is associ- 
ated with subaortic stenosis, insertion of a graft from the 
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proximal PA to the descending aorta with banding of the 
distal main PA is preferred by Ilbawi and associates [28]. 

Pulmonary artery banding requires great care and tech- 
nical precision. The PA band must be tight enough to 
reduce PA blood flow and alleviate pulmonary conges- 
tion. However, it should not cause pulmonary hypoper- 
fusion, and it must be loose enough to allow for growth 
before definitive operation. The band should remain 
between the pulmonary valve and the bifurcation of the 
PA. In a group of 38 long-term survivors, Mahle and 
associates [8] documented problems with tightness of the 
band in 12% and position of the band in 37%. A method 
for determining optimum band circumference (Trusler’s 
rule) has been developed [9]. According to this method, 
the estimated circumference for a PA band in patients 
with a VSD without bidirectional intracardiac shunting is 
20 + 1 mm for each kilogram of body weight. For patients 
with a VSD and bidirectional intracardiac shunting, the 
estimated band circumference is 24 + 1 mm for each 
kilogram of body weight. The problem of determining 
and maintaining appropriate tightness of PA bands has 
stimulated the development of bands that can be adjusted 
without reoperation [29-31]. 

Careful analysis of the results of PA banding is essen- 
tial. The adequacy of PA banding can be readily evaluated 
by two-dimensional echocardiography [32]. To achieve 
the best possible outcome, unsatisfactory PA bands 
should be revised in the early postoperative period. 

Pulmonary artery banding is a useful palliative proce- 
dure for a diverse group of congenital cardiac anomalies. 
With improved results of early definitive repair of intra- 
cardiac defects in young infants, however, PA banding 
should be reserved for severely ill patients with complex 
lesions not amenable to early primary repair. Currently 
PA banding is indicated in patients with excessive pulmo- 
nary blood flow and single ventricle or tricuspid atresia. 
Pulmonary artery banding is also appropriate in certain 
patients with AVC and in patients with muscular or 
multiple VSDs. Pulmonary artery banding is an option in 
patients with VSD and coarctation of the aorta. 
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CORRESPONDENCE 


Can Ventricular Decompression Be Optimized? 
To the Editor: 


The use of the Pierce-Donachy ventricular assist device in pa- 
tients with cardiogenic shock after a cardiac operation as de- 
scribed by Pennington and associates [1] continues to be an 
important contribution to the management of a difficult group of 
patients. In their comments on this series, Pennington and 
associates state -hat “ventricular recovery can occur without 
complete decompression”; the implication is that the object of 
ventricular assist is to reduce ventricular end-diastolic pressure to 
the lowest level possible, if not to zero. 

It is my impression that “complete decompression” of the left 
ventricle is undesirable for several reasons. (1} Complete decom- 
pression may cause the interventricular septum to shift to the 
left, thereby impairing right ventricular ejection and precipitating 
right ventricular failure [2, 3]. (2) Complete decompression may, 
over a period of time, cause deconditioning of the bypassed 
ventricle and delay functional recovery [4]. (3) Peak systolic 
subendocardial pressure has been demonstrated to exceed coro- 
nary perfusion pressure even in the empty beating heart and has 
been associated with increased myocardial oxygen consumption 
[5]. 

With these considerations in mind, I should like Pennington 
and associates to (1) define “complete ventricular decompres- 
sion” and (2) suggest whether or not, in their experience, one can 
actually select an “optimal” amount of ventricular decompres- 
sion that will preserve right ventricular function, prevent decon- 
ditioning of the bypassed ventricle, and reduce myocardial 
oxygen consumption. 


Myles Edwin Lee, MD 


Director 

Department of Cardiovascular Surgery 
Centinela Hospital Medical Center 
575 East Hardy Street Suite 201 
Inglewood, CA 30301 
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Reply 
To the Editor: 


Dr Lee raises several important questions about the role of 
“complete decompression” of the left ventricle by ventricular 
assist devices in patients with cardiogenic shock. The “complete 
ventricular decompression” referred to in our paper describes the 
situation in which there is no ventricular ejection during left 
ventricular systole. It is well recognized that this state does not 
profoundly reduce left ventricular myocardial oxygen consump- 
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tion. However, there is evidence that the degree of decompres- 
sion may allow more rapid recovery of the acutely infarcted 
ventricle [1, 2]. Although interventricular septal shifts do occur 
with left ventricular decompression in experimental animals, 
these changes have not been shown clinically to induce right 
ventricular failure in patients [3]. It is our impression that a 
normal right ventricle cannot be made to fail under such circum- 
stances, unless there is an increase in pulmonary vascular resis- 
tance [4]. The idea that “complete decompression” over longer 
periods of time (greater than 2 weeks) may lead to myocardial 
atrophy is an interesting but unproven theory. We have docu- 
mented rather marked decreases in left ventricular function in 
several patients we have maintained on left ventricular assist 
devices for more than 50 days. However, the cause of the 
diminished function is not entirely clear. Although some degree 
of “myocardial atrophy” may have occurred, some of the patients 
clearly sustained myocardial infarctions during the period of 
support. We are currently preparing a manuscript describing 
these pathological findings. 

Unfortunately, at this time, we are unable to define the optimal 
degree of ventricular decompression that will allow myocardial 
recovery. We believe this is an important aspect of mechanical 
circulatory support that needs much more investigation. 


D. Glenn Pennington, MD 


Department of Surgery 

St. Louis University Medical Center 
3635 Vista Avenue at Grand 

PO Box 15250 

St. Louis, MO 63110-0250 
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Bleeding and Anticoagulation 
To the Editor: 


I read with interest the panel discussion on bleeding and antico- 
agulation from the Circulatory Support 1988 meeting [1]. Con- 
trary to the information of Dr Joist, my colleagues and I have 
several publications relating to the assessment of and the treat- 
ment of excessive post-pump bleeding employing Amicar and 
appropriate components [2-5]. Those publications also brought 
attention to the fact that platelet therapy lacked clinical and 
statistical relevance despite demonstrable abnormalities in terms 
of platelet numbers and platelet assessment functions. The 
articles embraced the acceptance of an asanguineous prime, 
hemodilution, and the acceptance of normovolemic anemia post- 
operatively. Throughout the prospective period of study, au- 
totransfusion and the collection of “shed” blood was also prac- 
ticed. 

Today, in our cardiovascular program as well as in our trans- 
plant services, we continue to believe that hyperfibrinolysis is the 
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predominant cause of excessive bleeding, that its assessment can 
be meaningfully done, and that treatment can be specifically 
directed. We take issue with those who contend that the pro- 
thrombin time, the partial thromboplastin time, and the activated 
total clotting time have an a priori relevance in terms of assess- 
ment because they are universally distorted by the presence of 
heparin or heparinlike substances (hyperlizemia). 

Before any meaningful assessment can be done, the presence 
or absence of heparin must be clearly established, the fibrinogen 
level must be determined, and a decision must be made as to 
whether there is an associated derangement in the intrinsic 
pathway or the extrinsic pathway of the clotting cascade. Only 
then can one determine whether the need is for Amicar alone or 
for Amicar plus intrinsic (cryoprecipitate} as contrasted with 
extrinsic (fresh frozen plasma) clotting factor supplementation. 

Although they are not yet published, my colleagues and I have 
done postoperative studies using radioactive iodine that demon- 
strate no difference whatsoever with respect to the incidence of 
peripheral thrombophlebitis among patients managed with no 
Amicar, no components, with Amicar, and with Amicar plus 
components after operation. 

I am certain that any primary deficiency of others to have 
benefited is due to a failure to render a sufficient dose of Amicar 
and that the concerns about hypercoagulability are overstated. In 
an area embracing several different institutions, with a variety of 
clotting support systems, I bring attention to the fact that 
accurate testing, rapidity of retesting, and the ready availability 
of the products in the immediate postoperative period are decid- 
edly essential for the efficacy of our endeavors. Likewise, atten- 
tion should be directed to the fact that no type of preoperative 
coagulational screening was found helpful aside from a history of 
“free bleeding tendencies.” 


Cary J. Lambert, MD 


5310 Forest Lane 
Suite 102 
Dallas, TX 75244 
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Left Ventricular Rupture 
To the Editor: 


I read with interest two recent articles [1, 2] and an editorial [3] 
about rupture of the left ventricle after mitral valve replacement. In 
all three, the etiology cf this devastating complication is reviewed. 
I have not found described yet a mechanism that may produce 
disruption of the atrioventricular groove (type 1) after implanta- 
tion of a mitral valve: rotation of a mechanical prosthesis. 
When a tilting-disc prosthesis is inserted and movement of the 
disc is impaired by structures in the left ventricular cavity, it can 
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be rotated to obtain the optimal opening angle. If this rotation is 
done when all the sutures have been tied and no effective 
countertraction is applied to the sewing ring, the tangential 
forces over the annulus may disrupt the atrioventricular junction. 
I have seen this complication occur on two occasions with deadly 
results. 

Ways of preventing this occurrence include adequate sizing of 
the prosthesis, trimming of papillary muscles to allow free 
movement of the disc, and, if the disc is still impaired, rotation of 
the housing before the sutures are tied down, holding the sewing 
ring steadily during the maneuver. 

I congratulate the authors for bringing up the subject and I 
hope that this letter may alert surgeons to one more cause of left 
ventricular wall rupture after mitral valve replacement. 


Alejandro Aris, MD 


Cardiac Surgery Unit 
Hospital de la Santa Creu i Sant Pau 
08025 Barcelona, Spain 
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Reply 
To the Editor: 


Although an extensive review of the literature and a survey of 
our own experience failed to uncover a single instance of disrup- 
tion of the annulus from rotation of the prosthesis during mitral 
valve replacement, we do not doubt that such a disaster can 
occur. The most likely mechanism is application of excessive or 
sudden force during the maneuver. 

As far as preventive measures are concerned, we agree with Dr 
Aris that the insertion of an oversized prosthesis invites rupture 
of the left ventricle and indeed mentioned this fact in our article. 
However, we are reluctant to support the concept that radical 
trimming of the papillary muscles is desirable, as vigorous 
resection is thought to be responsible for most type II ruptures 
and therefore should be avoided. Furthermore, even if disc 
motion appears to be limited by the stump of the papillary muscle 
in the paralyzed heart it is most unlikely that this problem will 
persist once the organ resumes function. In the working state, as 
the ventricle fills with blood, the free wall stretches and the 
papillary muscles retract, so that contact between the stump and 
the disc is unlikely. Finally, the possibility of papillary muscle 
interference with disc motion is obviated by retaining the native 
valve. We cited in our review convincing evidence from the 
literature that retention of the native valve preserves structural 
and functional integrity of the left ventricle, which in turn is 
associated with a reduced incidence of rupture and dysfunction 
of the left ventricle. Dr Aris’ experience adds a new incentive for 
retaining the valvular apparatus during mitral valve replacement. 

We agree with the suggestion that rotation of the disc is 
preferable prior to tying the fixation sutures in order to prevent 
torsion and disruption of the annulus. However we would also 
like to note that stabilization of the sewing ring for safe rotation 
of the disc is possible even after the sutures are tied. This can be 
accomplished by the application of two clamps onto the sewing 
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ring, 180 degrees apart. The rotational force, however, should 
not be excessive or sudden. It must be gentle and gradual. 


Robert L. Berger, MD 
Karl J. Karlson, MD 
Mian M. Ashraf, MD 


Department of Cardiothoracic Surgery 
New England Deaconess Hospital ` 
Harvard Medical School 

135 Francis Street, 

Boston, MA 02215 


Use of Colostomy Bags for Chest Tube Drainage 
To the Editor: 


We read with interest the article by Velanovich and Adams [1] on 
the use of colostomy bags for chest tube drainage. We have been 
using these bags or the last 3 years and we fully agree that such 
use reduces the hospital stay and increases. the mobility of 
patients. 

We want to point out that it is important for the colostomy bag 
to have an opening at the top so that the air can escape; 
otherwise, a patient with bronchial air leak might develop 
tension pneumothorax. This is an important fact that was not 
emphasized in the ae 


Ajay Kaul, MCh 
Anil Patwardhan, MS 
Arun Chaukar, MS 


Department of Cardiothoracic Surgery 
L.T.M. Medical College & Sion Hospital, 
Sion, Bombay 40C 022, 

India 
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Reply 
To the Editor: 


We agree that when using a closed system such as a colostomy 
bag for drainage of the pleural space, a bronchopleural air leak 
will lead to a pneumothorax. An opening at the top of the 
colostomy bag may remedy. this problem. We have never had the 
opportunity to treat a patient with a bronchepleural air leak with 
the colostomy bag drainage system we have described. We feel 
that the indicat-ons for the colostomy system in sucha patient are 
limited. 


Vic Velanovich, MD 
Carl W. Adams, MD 


Department of Surgery 
Letterman Army Medical Center 
Presidio of San Francisco, CA 94129-6700 


Ld 


Value of Transesophageal Echocandiógtaphy During 
Open Heart Operation 
To the Editor: 


The use of two-dimensional transesophageal echocardiography 
during open heart procedures is becoming increasingly popular 
[1]: We report a patient in whom two-dimensional transesoph- 





Fig 1. Transesophageal TE E scanning ( longitudinal 
view) showing a left atrial mass (asterisk) close to the atrial septum 
and a few. centimeters above the mitral valve (MV). 


ageal echocardiography disclosed a thrombus in the left atrium 
after a mitral-aortic valve operation, allowing the prevention of a 
possible life-threatening systemic embolism. 

A 62-year-old man with mitral and aortic stenosis was referred 
to our unit for surgical treatment. At operation, performed in 
January 1989, open mitral commissurotomy with splitting of the 
papillary muscles and aortic valve replacement with a 25-mm 
Pericarbon bioprosthesis (Sorin Biomedica, Saluggia, Italy) were 
performed. Direct inspection failed to demonstrate any thrombus 
in either the left atrium or the left atrial appendage. At the end of 
the procedure air bubbles were removed from the heart using 
standard techniques, which included cardiac massage and vigor- 
ous inflation of the lungs. 

After release of the aortic cross-clamp the heart resumed 
spontaneous activity ‘but was kept unloaded during completion - 
of rewarming. At this stage two-dimensional transesophageal 
echocardiography, employed with the aim of evaluating the 
success of mitral valve repair, showed the unexpected presence 
of a mobile mass in the left atrium, which was interpreted as a 
thrombus (Fig 1). Rewarming was then interrupted, the aorta 
was cross-clamped, and the heart was again arrested with 
crystalloid cardioplegia. The right atrium was opened and the left 
atrium was entered through the fossa ovalis. By this approach a 
free floating thrombus, most likely previously dislodged into a 
pulmonary vein, was noted and removed. The procedure was 
then completed uneventfully and the patient was discharged on 
postoperative day 8 in good condition. 

The intraoperative use of two-dimensional transesophageal 
echocardiography has proved effective in the evaluation of left 
ventricular contractility after coronary bypass operations, in the 
assessment of adequacy of valve repair techniques, and in the 
detection of intracardiac air bubbles before discontinuation of 
cardiopulmonary bypass [1-3]. We report | here a patient in whom 
the presence of a thrombus in the left atrium, which had escaped 
initial intracardiac inspection and would have most likely re- 
sulted in systemic embolization, was diagnosed by two- 
dimensional transesophageal echocardiographic monitoring al- 
lowing an uncomplicated outcome. We believe that this 
experience supports the current trend of expanded use of two- 
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dimensional transesophageal echocardiography during open 
heart procedures. 


Uberto Bortolotti, MD 
Giuseppe Faggian, MD 
Rajfaele Bonato, MD 

Maurizio Dan, MD 


Departments of Cardiovascular Surgery and Anesthesiology 
Istituto di Chirurgia Cardiovascolare 

Univerità di Padova 

Via Giustiniani, 2 

35128 Padova, Italy 
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Adjustable Annuloplasty for Tricuspid Insufficiency 
To the Editor: 


In reply to the letter of Dr Julio Davila [1], we are pleased to see 
that the report of our technique of adjustable annuloplasty for 
tricuspid insufficiency [2] continues to generate interest as well as 
to evoke a more complete surgical history of the annuloplasty 
technique. f 

- We note with interest the concerns expressed by Dr Davila 
regarding suture migration and annular laceration. In fact, al- 
though suture failure has been reported with the DeVega tricus- 
pid annuloplasty technique [3, 4], such reports have indeed been 
rare even in large follow-up series [5, 6]. We have yet to see such 
a case. Such phenomena might more likely be anticipated with 
the higher pressure left-sided mitral lesions than with the lower 
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pressure tricuspid mechanism, especially if an adequate correc- 
tion of left-sided lesions can be accomplished. 

Certainly Dr Davila’s “furling” suture technique may provide a 
useful alternative in cases of extreme pulmonary hypertension, 
or in situations in which the tissue integrity of the tricuspid 
annulus is in doubt. For most situations, however, adjustable 
tricuspid annuloplasty remains a highly successful, rapid, and 
reproducible technique for preservation of valvular function and 
control of secondary tricuspid insufficiency. 


Paul A. Kurlansky, MD 


Cardiovascular & Thoracic Surgical Associates 
1150 NW 14th St 

Suite 207 

Miami, FL 33136 


Eric A. Rose, MD 
James R. Malm, MD 


Department of Cardiac Surgery 
Columbia-Presbyterian Medical Center 
622 W 168th St 

New York, NY 10032 
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THE SOUTHERN THORACIC SURGICAL ASSOCIATION 


Thirty-sixth Annual Meeting 


November 9-11, 1989 


The Phoenician Resort, Scottsdale, Arizona 


The Thirty-sixth Annual Meeting of the Southern Thoracic 
Surgical Association will be held at The Phoenician Resort 
on November 9-11, 1989, with the Postgraduate Program 
on Thursday, November 9, from 7:45 Am to 12:00 noon. 
The meeting is open to all duly qualified physicians. Both 
members and nonmembers are urged to register in ad- 
vance. 


Registration and Fees 


Advance registration forms, hotel reservation cards, and 
details regarding transportation arrangements will be 
mailed to Association members. Nonmembers should 
write to the Secretary-Treasurer, Gordon F. Murray, MD, 
The Southern Thoracic Surgical Association, 111 East 
Wacker Dr, Chicago, IL 60601. l 

Members are not required to pay a registration fee for 
the Scientific Program. Residents and fellows may register 
without payment of a registration fee upon presentation 
of a letter from their chief of service. The fee for other 
physicians is $155, except guest speakers, authors, and 
co-authors. Nurses and paramedical personnel may reg- 
ister upon payment of a $155 fee and presentation of a 
letter. of introduction from a member. l 


© 1989 by The Society of Thoracic Surgeons 


Registration for the Postgraduate Program is $50 for all 
physicians, residents, and fellows. 


Presentation and Publication 


Papers presented at the Scientific Session must be submit- 
ted in triplicate to the Secretary-Treasurer, Gordon F. 
Murray, MD, at the time of presentation, or to the Editor 
of The Annals of Thoracic Surgery prior to presentation. 

Speakers for the Regular Program are limited to 10 
minutes; those in the Forum are limited to 5 minutes. 
Speakers are asked to use the preview room prior to the 
opening of their session to prepare their slides for presen- 
tation. 


Accreditation 


The Southern Thoracic Surgical Association is accredited 
by the Accreditation Council for Continuing Medical 
Education to sponsor continuing medical education for 
physicians. One credit hour in category I of the Physi- 
cian’s Recognition Award of the American Medical Asso- 
ciation. may be claimed for each hour of participation by 
the individual physician. 
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PROGRAM 
FOR THE THIRTY-SIXTH ANNUAL MEETING 
OF THE SOUTHERN THORACIC SURGICAL ASSOCIATION 


November 9-11, 1989 
The Phoenician Resort, Scottsdale, AZ 


November 9, 1989 (Thursday) 
Postgraduate Program 


Introduction to the 1989 Postgraduate Course 
Course Director: Andrew S. Wechsler, Richmond, VA 


Questions and answers will follow each presentation. 
Cardiac Infections 


Acute Valvar Endocarditis (Antibiotic Management, Operative Timing, Special Diagnostics} 
Robert A. Guyton, Atlanta, GA 


Mitral Valve Endocarditis (Operative Management, Native vs Prosthetic) 
Meredith L. Scott, Orlando, FL 


Aortic Valve Endocarditis 
Gulshan K. Sethi, Tucson, AZ 


Fungal Endocarditis 
Irving L. Kron, Charlottesville, VA 


Mediastinal Infection 
Joseph M. Craver, Atlanta, GA 


Break 
Visit Exhibits 
Lung Cancer 


Diagnosis and Staging 
James W. Brooks, Richmond, VA 


Bronchoplasty, Segmentectomy, Wedge Resection 
Kamal A. Mansour, Atlanta, GA 


Pre-Op Radiation, Chemotherapy, Complications of Resection 
William F. Sasser, St. Louis, MO 


Management and Evaluation of Pulmonary Metastases 
E. Carmack Holmes, Los Angeles, CA 


Congenital Case 


Defects in the Cardiac Septa 
Benson R. Wilcox, Chapel Hill, NC 


Adjourn 


November 9, 1989 (Thursday) 
First Scientific Session 


1. The Role of Lung Decortication in Symptomatic Pediatric Empyemas 
Robert A. Gustafson, Gordon F. Murray, Herbert E. Warden, and Ronald C. Hill, Morgantown, 
Wv 


2. Thoracoplasty: Current Application to the Infected Pleural Space 
Terrence P, Horrigan and Norman Snow, Cleveland, OH 
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3. Thoracoscopy and Talc Pleurodesis for Effusions and Pneumothoraces 
Thomas M. Daniel, Curtis G. Tribble, and Bradley M. Rodgers, Charlottesville, VA 
4. Histoplasmosis Titre and Keticonazole: Critical Adjuncts to Successful Surgical 
Management of Sclerosing Mediastinitis 
H. C. Urschel, M. A. Razzuk, and S. Y. Chung, Dallas, TX 
2:45 Break 
Visit Exhibits 
3:30 Presidential Address 
Richard E. Clark, Bethesda, MD 
4:15 Surgical Forum 
5. Normalization of Postischemic Calcium Levels Improves Ventricular Performance 
Without Adverse Effects on Compliance and Oxygen Demands 
Hideo Yokoyama, Jakob Vinten-Johansen, J. Steve Julian, William E. Johnston, Tonya D. Smith, 
and A. Robert Cordell, Winston-Salem, NC 
6. Oxygen Free Radical Scavengers Decrease Reperfusion Injury in Lung Transplantation 
Frank C. Detterbeck, Eric Kron, Douglas E. Paull, Blair A. Keagy, and Benson R. Wilcox, Chapel 
Hill, NC 
.7, Leukocyte Depletion Provides Excellent Protection of Heart-Lung Function Following 
12 Hours of Static Cold Storage 
Ravi Pillai, Ko Bando, Stephan Schueler, Melissa Zebley, Bruce A. Reitz, and 
William A. Baumgartner, Baltimore, MD 
8. 16,16 Dimethyl Prostaglandin E2 Inhibits In Vitro and In Vivo Lymphocyte Responses 
in Solid Organ Transplantation 
Christopher D. Stone, Bruce R. Rosengard, Robert C. Robbins, Hani A. Hennein, 
David H. Sachs, and Richard E. Clark, Bethesda, MD 
9. Cardioplegic Protection for Transplantation: Failure of an Extracellular Solution 
Compared to Stanford or University of Wisconsin Solutions 
John Parker Gott, Pan-Chih, Lynne M. A. Dorsey, Edson H. Cheung, Charles R. Hatcher, Jr, and 
Robert A. Guyton, Atlanta, GA 
10. Superior Preservation With UW Solution After Prolonged Ischemia in the Rat Heart 
Thomas Yeh, Jr, Scott A. Hanan, Danna E. Johnson, Ivan M. Rebeyka, Anwar S. Abd-Elfattah, 
K. Francis Lee, Gert E. Tuchy, Marcos R. Borges, and Andrew S. Wechsler, Richmond, VA 
11. The Inhibition of Endothelial Cell Produced Thromboxane by a Calcium Channel 
Blocker 
Fuad Ramadan, Gilbert Upchurch, Blair Keagy, and George Johnson, Jr., Chapel Hill, NC 
5:30 Thursday Session adjourned 
November 10, 1989 (Friday) 
Second Scientific Session 
8:00 12. Results of Homograft Replacement for Active Aortic Valve Endocarditis 


13. 


14. 


15. 


Ishik C. Tuna, Thomas A. Orszulak, Hartzell V. Schaff, and Gordon K. Danielson, Rochester, MN 


Management of Postoperative Thoracic Aortic and Periaortic Infections 
Joseph S. Coselli and E. Stanley Crawford, Houston, TX 


Risk of Intervention Following Coarctation Repair 
Irving Kron, Terry Flanagan, Karen Rheuban, Howard Gutgesell, and Stanton Nolan, 
Charlottesville, VA 


Management of Patients With Thoracic Ectopic ACTH Syndrome 
Harvey Pass, Mark Stovroff, John Vetto, John Doppman, Lynnette Nieman, and Gordon Cutler, 
Bethesda, MD 
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16. Neodynium YAG Laser and Brachytherapy in the Management of Inoperable 
Bronchogenic Carcinoma 
Joseph I. Miller and Thomas R. Phillips, Atlanta, GA 


9:15 Break 
Visit Exhibits 


November 10, 1989 (Friday) 
Third Scientific Session 


10:00 17. Cardiac Tumors: Clinical Spectra, Diagnoses, and Changing Management from a 25- 
Year Experience 
Michael C. Murphy, Michael S. Sweeney, J. B. Putnam, Jr, William E. Walker, 
O. Howard Frazier, David A. Ott, and Denton A. Cooley, Houston, TX 


18. Outcome of Heart Transplant Candidates Without Transplantation: The Current Era 
(1983-1989) ; 
Duke E. Cameron, Peter S. Greene, Stephen C. Achuff, Alfred S. Casale, Timothy J. Gardner, 
Sharon M. Augustine, Bruce A. Reitz, William A. Baumgartner, Baltimore, MD 


19. The Use of Potentially Infected Donor Hearts for Cardiac Transplantation 
David E. Lammermeier, Michael S. Sweeney, Hans E. Haupt, J. Michael Duncan, and 
O. Howard Frazier, Houston, TX 


11:00 Guest Speaker 
Research and the Practicing Surgeon 
Mark V. Braimbridge, London, England 


11:30 Business Meeting (members only) 
12:30 Friday Session adjourned 


November 11, 1989 (Saturday) 
Fourth Scientific Meeting 


8:00 20. Surgery for High Cervical Esophageal Carcinoma: Experience With Twelve Patients 
Kamal Mansour, Anthony Picone, and John Coleman, Atlanta, GA 


21. Esophageal Perforation—-A Therapeutic Challenge 
Safuh Attar, John R. Hankins, Thomas R. Coughlin, and Joseph S. McLaughlin, Baltimore, MD 


22. True Emergency Coronary Bypass Surgery 
Fred H. Edwards, Amram Cohen, LeNardo Thompson, Ronald Bellamy, and Michael Barry, 
Washington, DC 


23. Surgical Back-up of Percutaneous Transluminal Coronary Angioplasty (PTCA): Results 
of a National Survey to Determine Patterns of Practice 
Duke E. Cameron, Dean C. Stinson, Peter S. Greene, and Timothy J. Gardner, Baltimore, MD 


24. Reoperation in the ICU Setting 
George Kaiser, Keith Naunheim, Andrew Fiore, Howard Harris, Lawrence McBride, 
D. Glenn Pennington, Hendrick Barner, and Valle Willman, St. Louis, MO 


25. Four Years Experience With Fibrin Sealant in Thoracic and Cardiovascular Surgery 
T. L. Matthew, W. D. Spotnitz, I. L. Kron, T. M. Daniel, C. G. Tribble, and S. P. Nolan, 
Charlottesville, VA i : 


9:45 Break 
Visit Exhibits 


November 11, 1989 (Saturday) 
Fifth Scientific Session 


10:30 26. Selective Monitoring of Patients With Suspected Blunt Cardiac Injury 
James Reif, J. Justice, W. R. Olsen, and Richard L. Prager, Ann Arbor, MI 
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27. 


29. 


30. 


31. 


Predicted Postoperative Pulmonary Function Correlates With Operative Mortality and 
Long-Term Survival Following Pneumonectomy in Patients With Primary Lung 
Carcinoma l 


. David E. Lammermeier, J. B. Putnam, Jr, Marion J. McMurtrey, and Jack A. Roth, Houston, TX 
28. 


Repair of Supravalvar Aortic Stenosis: Hemodynamic Results and Coronary Artery Size 
Paul W. Braunstein, Paul C. Oslizlok, Fred A. Crawford, and Robert M. Sade, Charleston, SC 


Reappraisal of Localized Resection for Subvalvular Aortic Stenosis 
James R. Stewart, Walter H. Merrill, John W. Hammon, Jr, Thomas P. Graham, and 
Harvey W. Eender, Jr, Nashville, TN 


Facile Retrograde Cardioplegia: Report of 225 Consecutive Cases Using Transatrial 
Cannulation of the Coronary Sinus 

Steven R. Gundry, Alexandro Sequiera, Joseph McLaughlin, and Leonard L. Bailey, Loma Linda, 
CA, and Bal-imore, MD f 


Valvular Insufficiencey After Ultrasonic Debridement for Aortic Stenosis 
Joseph M. Craver, Atlanta, GA 


12:30 Annual Meeting ends 
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EVENTS OF INTEREST 


Brief notices of meetings, courses, and symposia relevant 
to cardiothoracic surgery are published as a service. They 
should be formatted as follows: meeting title, date, place, 
sponsor, accreditation, director, fee, minimum/maximum 
attendance, and address/phone for further information. 


Thirty-eighth Annual Meeting of The 
Scandanavian Association for Thoracic and 
Cardiovascular Surgery and The Scandanavian 
Society for Extracorporeal Technology, Aarhus, 
Denmark—September 13-16; 1989 

For information on this meeting, contact the Secretary of 
the Congress Committee SATCVS/SCANSECT, Chr. 
Mouritzen, MD, Department of Thoracic and Cardiovas- 
cular Surgery, Skejby Sygehus-Aarhts University Hospi- 
tal, DK-8200 Aarhus N, Denmark: 


Third Annual Meeting of the European 
Association for Cardio-Thoracic Surgery, 
Munich, Federal Republic of Germany— 
October 9-11, 1989 


For information on this meeting, contact Organizing Sec- 
retariat, Interplan Convention and Visitor Service, So- 
phienstrasse 1, D-8000 Munich 2, FRG; or telephone 089 
59 44 92 (telex: 523183 iplan d; facsimile: 089 59 16 10). 


Sixth World Congress of Bronchoesophagology, 
Tokyo, Japan—October 15-18, 1989 


This meeting is sponsored by the Organizing Committee 
of the Sixth World Congress of Bronchoesophagology, the 
Japan Broncho-esophagological Society, and the Founda- 
tion for Advancement of International Science under the 
auspices of the International Bronchoesophagological So- 
ciety. For information, contact the Secretariat of the Sixth 
World Congress of Bronchoesophagology, c/o Japan Con- 
vention Services, Inc, Press Center Bldg, 2-2-1 Uchisaiwai- 
cho; Chiyoda-ku, Tokyo 100, Japan; or telephone 03-508- 
1213 (telex: J33104; facsimile: 03-508-0820). 


Announcements should be sent at least 4 months in 
advance of publication to The Annals of Thoracic Surgery, 
3108 Queeny Tower, Barnes Hospital Plaza, St. Louis, 
MO 63110-1041; telephone, (314) 361-6084. 


American College of Surgeons, Atlanta, 
Georgia—October 15-20, 1989 

For information on this meeting, contact American Col- 
lege of Surgeons, 55 E Erie St, Chicago, IL 60611; or 
telephone (312) 664-4050. 


Sixteenth World Congress on Diseases of the 
Chest and the Fifty-fifth, Annual Scientific 
Assembly, American College of Chest Physicians, 
Boston, Massachusetts— 

October 30-November 3, 1989 

This meeting is sponsored by the American College of 
Chest Physicians and the International Academy of Chest 
Physicians and Surgeons. For information, contact the 
American College of Chest Physicians, 911 Busse High- 
way, Park Ridge, IL 60068; or telephone (312) 698-2200. 


Thirty-sixth Annual Meeting of the Southern 
Thoracic Surgical Association, Scottsdale, 
Arizona—November 9-11, 1989 

For information on this meeting, contact Gordon F. 
Murray, MD, Southern Thoracic Surgical Association, 111 
East Wacker Dr, Chicago, IL 60601-4301; or telephone 
(312) 644-6610. 


Sixty-second Scientific Session of the American 
Heart Association, New Orleans, 
Louisiana—November 13-16, 1989 

For information on this meeting, contact American Heart ` 
Association, 7320 Greenville Ave, Dallas, TX 75231; or 
telephone (214) 750-5300. 
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Twenty-fifth Anniversary—Open Heart Surgery, 
Jerusalem, Israel—December 28, 1989- 

January 1, 1990 , 
For information on this meeting, contact Joseph B. Bor- 
man, MD, or the Secretariat, PO Box 32390, Jerusalem 
91323, Israel; or telephone 972-2-663171 (telex: 26205 
TRGBL IL; facsimile: 972-2-665277). 


Specialty Review in Thoracic Surgery, Chicago, 
Illinois—January 8-13, 1990 

This course is sponsored by the Cook County Graduate 
School of Medicine and is accredited for approximately 47 
hours in category 1 of the Physician’s Recognition Award 
of the AMA. For information, contact the Registrar’s 
office: Within Hlinois, 1 (800) 621-4649; outside Illinois, 
1 (800) 621-4651. 


New Trends in Aortic Valve Surgery (Auto, Allo, 
Xenografts and Reconstruction), Riyadh, Saudi 
Arabia—January 17-18, 1990 

For information on this workshop, contact Department of 
Cardiovascular Diseases, King Faisal Specialist Hospital & 
Research Centre, PO Box 3354, Riyadh 11211, Saudi 
Arabia (facsimile: 966-1-441-4839). 


Esophageal Disorders: Pathophysiology and 
Treatment, Maui, Hawaii—January 25-30, 1990 
This program is sponsored in part by educational grants 
from Synectics Medical, Inc, and Smith Kline & French 
Laboratories, and is accredited for 24 haurs in category 1 
of the Physicians Recognition Award of the AMA. For 
information on this meeting, contact Department of Sur- 
gery, Creighton University, CME Program, 601 North 
30th St, Omaha, NE 68131; or telephone (402) 280-4501 
(facsimile: (402) 280-4593). 


Twenty-seventh Annual Seminar—Coronary 
Atherosclerosis: New Diagnostic and 

Therapeutic Approaches, Orlando, Florida— 
January 28-February 1, 1990. 

This seminar is sponsored by the Departments of Radiol- 
ogy and Cardiology, Mount Sinai Medical Center of 


EVENTS OF INTEREST 


Greater Miami, Miami Beach, FL, and is accredited for 
20.5 hours in category 1 of the Physician’s Recognition 
Award of the AMA. For information on this meeting, 
contact Lucy R. Kelley, Program Coordinator, Radiology 
Seminars, Inc, PO Box 143762, Coral Gables, FL 33114- 
3762; or telephone (305) 674-2810. 


Nineteenth Annual Meeting of the German 
Society for Thoracic, Cardiac, and Vascular 
Surgery, Bad Nauheim, Federal Republic of 
Germany—February 22-24, 1990 

For information on this meeting, contact Hagen D. 
Schulte, MD, Professor of Surgery, Department of Tho- 
racic and Cardiovascular Surgery, Heinrich-Heine- 
University, Moorenstrasse 5, D-4000 Dusseldorf, Federal 
Republic of Germany. 


Thirty-ninth Annual Meeting of the American 
College of Cardiology, New Orleans, Louisiana— 
March 18-22, 1990 

For information on this meeting, contact American Col- 
lege of Cardiology, 9111 Old Georgetown Rd, Bethesda, 
MD 20814; or telephone 1 (800) 253-4636. 


Aortic Surgery Symposium II, New York, 

New York—May 4-5, 1990 

This symposium is sponsored by Meadox Medicals, Inc, 
and is accredited for 15 hours in category 1 of the 
Physician’s Recognition Award of the AMA and toward 
the New York Medical Association Certificate in Continu- 
ing Medical Education. For information, contact Beverly 
Farrier, Symposium Coordinator, ProMedica Interna- 
tional, 620 Newport Center Drive, Suite 575, Newport 
Beach, CA 92660. 


Seventh Congress of the European Society of 
Biomechanics, Aarhus, Denmark—July 8-11, 1990 
For information on this meeting, contact Seventh Con- 
gress of ESB, Biomechanics Laboratory, Orthopaedic Hos- 
pital, Randersvej 1, 8200 Aarhus N, Denmark; or tele- 
phone 45-616-7500, extension 4649. 


CLASSIFIED ADS 


Classified ads for positions wanted or available must relate only 
to the thoracic or cardiovascular surgical specialties. Display 
space (minimum, % page) is also available through Media for 
Medicine, Inc, 440 Park Avenue South, New York, NY 10016 
(telephone: (212) 684-5540; facsimile: (212) 545-0651). All ads are 
subject to the approval of the editor, and material deemed 
inappropriate for publication in The Annals will be rejected. If 
anonymity is desired, please indicate this at the time of submis- 
sion and a code number will be assigned. All responses received 
will remain confidential in the publisher’s office and will be 
conveyed to the advertiser shortly after receipt. The charge for all 
classified advertising is $1.10 per word per insertion, minimum 
20 words. Abbreviations, dates, initials, post office box numbers, 
telephone numbers, years, and zip codes are considered one 
word each. There is an additional fee of $15.00 per insertion for 
box number ads. The copy deadline is 7 weeks prior to publica- 
tion, eg, for the March issue, copy should be received by the 1st 
of January. Ad orders should be for a maximum of 6 months; ads 
may be renewed for up to 6 months at a time. Ad copy should be 
typed double-spaced and mailed in duplicate to: The Annals of 
Thoracic Surgery, Desk Editorial, Classified Ads, Elsevier Science 
Publishing Co, Inc, 655 Avenue of the Americas, New York, 
NY 10010 (facsimile: (212) 633-3695). Make nonrefundable check 
payable to Elsevier Science Publishing Co, Inc. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised positions. 
When answering advertisements, please write individually to 
each advertiser you wish to contact, using the address given in 
the ad. To respond to an anonymous ad, write to Box Number, 
The Annals of Thoracic Surgery, Elsevier Science Publishing, 655 
Avenue of the Americas, New York, NY 10010. 


SITUATIONS AVAILABLE 


Cardiothoracic surgeon needed for rapidly expanding program 
located in a coastal area of the Southeast. Private practice, 
primarily adult cardiac and thoracic. BC/BE required. Respond 
with curriculum vitae and names of references. 


Please respond to Box 102. 102G/C 





Cardiothoracic surgeon, board certified with 2 to 4 years experi- 
ence in cardiac surgery, wanted to join a growing group of 
cardiac surgeons, cardiologists, and pulmonologists in the Pacific 
Northwest. General thoracic and vascular experience necessary. 
Research opportunities available, academic links possible. Salary 
leading to full partnership in 2 or 3 years; potential exists for 
leadership in major cardiac program. 


Please send curriculum vitae to John R. Bauman, Administrator 
at The Thoracic Clinic, PC, 507 NE 47th Ave, Portland, 
OR 97213-2282. 124C/ 





Cardiothoracic and vascular surgeon, board eligible/certified 
with experience in adult cardiac thoracic and vascular surgery, 
wanted to join well established 2-surgeon practice located in 
South Florida. Send CV. 


Please respond to Box 105. 105C/B 





Cardiothoracic surgeon to join established group in northwest 
Indiana (very near Chicago). Excellent salary. Please respond 
with curriculum vitae. 


Please respond to Box 104. 104/L 





Cardiovascular and thoracic surgeon: Excellent opportunity for a 
board certified/eligible cardiovascular and thoracic surgeon to 
join a large cardiac surgery group in southern California. Must 
have a minimum of 1 year experience in pediatric and neonate 


cardiac surgery (including fellowship). Excellent fringe benefits. 
Respond with curriculum vitae. 


Please respond to Box 144. 144E/D 








Cardiothoracic surgeon: Board certified or eligible is sought to 
join an academic practice in the Midwest. Opportunity to become 
active and contribute to a growing cardiothoracic transplantation 
program. Excellent research opportunities available. 


Direct curriculum vitae or inquiries to J. Terrance Davis, MD, 
Medical College of Ohio, C.S. #10008, Toledo, OH 43699. An 
equal opportunity employer. 153F/ 





Cardiothoracic/vascular surgeon wanted to join established prac- 
tice in Ohio. Recent graduate preferred. Please submit curricu- 
lum vitae and three references. 


Please respond to Box 172. 172G/K 





Cardiac surgeon needed for growing open heart program. Our 
service area encompasses more than 200,000 people in the 
intermountain West. Our program offers an extremely modern 
practice in Idaho’s newest and largest referral center. Commutes 
average 10 minutes on uncrowded country roads. Recreation 
opportunities include some of the Rockies’ finest skiing, hunting, 
fishing, camping, and hiking. For the right board eligible/certified 
cardiovascular surgeon, this position combines a fully supported 
cardiac practice with big country living. 


Please respond to Box 174. 174GA 





Thoracic surgeon: Board certified or eligible. Interested in prac- 
tice of thoracic, vascular, and general surgery in the greater 
Cincinnati area. Send resume. 


Please respond to Box 170. 170GA 





Cardiovascular and thoracic surgeon, board eligible or certified, 
to join expanding practice in Rocky Mountain region. Salary 
leading to full partnership. Please send CV and references. 


Please respond to Box 165. 165G/ 





Thoracic and cardiovascular surgeon, board certified or eligible, 
wanted for an established practice in the Midwest with experi- 
ence in adult cardiac, thoracic, and peripheral vascular surgery. 
Experience or training in heart/lung transplantation preferred. 
Initial contact should include curriculum vitae, clinical experi- 
ence, and names of references. 


Please respond to Box 162. 162G/J 





Additional cardiothoracic surgeon, BC/BE, to join expanding 
practice of cardiac/thoracic surgery at 500-bed affiliate of major 
medical center in Midwest. Skills in internal mammary grafting, 
valve repair, ventricular assist important, and familiarity with 
electrophysiological procedures desired. Excellent investigational 
facilities available with ample opportunity for clinical or basic 
science research. Private practice with academic affiliation—solid 
general surgery residency with active medical student participa- 
tion. Salaried position leading to eventual partnership for the 
right individual. Send CV. 


Please respond to Box 178. 178G/A 





Thoracic surgeon needed to join solo cardiothoracic surgeon in 
Pittsburgh, Pennsylvania. Fellows finishing 1990 and surgeons 
less than 4 years out of fellowship encouraged to apply. Com- 
petitive compensation leading to partnership. 


Please respond to Box 180. 180HI 





PA-C, preferably experienced, wanted for a large, established, 
private practice group in adult and pediatric cardiothoracic sur- 
gery. Located 20 minutes from downtown San Francisco. Benefits 
include CME, medical benefits, malpractice insurance, and a 
profit-sharing plan. Salary negotiable. 
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Send CV to Roger Ecker, MD, 365 Hawthorne Ave, Suite 301, 
Oakland, CA 94609. 181HI 


Assistant surgeon—Preferably experienced in cardiothoracic sur- 
gery to first assist in the operating room. Active adult and 
pediatric cardiovascular surgery practice in metropolitan DC 
area. Practice includes arrhythmia and vascular surgery, and 
cardiac transplantation. 


Please respond with curriculum vitae outlining training and 
recent surgical experience to Virginia Heart Surgery Associates, 
3301 Woodburn Road, Suite 301, Annandale, YA 22003. 


183H/ 


Cardiothoracic surgeon: Private practice position, Great Lakes, 
adult cardiothoracic and vascular surgery. Must be currently 
active in cardiac surgery. Send CV and references. 


Please respond to Box 184. 184HI 
Cardiovascular/thoracic surgeon, BC/BE, needed to join busy 
expanding private practice in Colorado Springs. Adult and pedi- 
atric cardiothoracic and some vascular. Initial contact should 
include curriculum vitae and references. 


Please send CV and three reference letters to E. S. Yee, MD, 
Director of Cardiovascular Surgery, 1725 E Boulder St, Suite 104, 
Colorado Springs, CO 80909. 185H/J 





Chairperson, Department of Thoracic-Cardiovascular Surgery. 
Winthrop-University Hospital, a 533-bed tertiary care hospital of 
SUNY Stony Brook, is seeking candidates to chair its Cardiotho- 
racic Department. Applicants should have strong clinical, teach- 
ing, and administrative skills, as well as a commitment to 
research. The department conducts a fully approved open heart 
program and pertorms a large volume of thoracic and vascular 
surgery. The hospital will support a fellowship program and 
research activities. 


Send CV to Alan Fein, MD, Chairman, TCV Search Committee, 
Winthrop-University Hospital, c/o 222 Station Plaza No., Suite 
400, Mineola, NY 11501. 186H/ 


Cardiothoracic surgeon, board certified or eligible, wanted to join 
established 5-man practice. Experience required in transplanta- 
tion, adult cardiac surgery, and thoracic surgery. Northwest city 
with easy lifestyle and outdoor activities. Salary leading to 
partnership. 


Please respond to Box 188. 188H/J 





Cardiothoracic surgeon wanted for a busy, expanding, 3-man, 
private practice group in the Midwest. Applicant must be ABTS 
eligible or certified. Prefer recent graduate with some back- 
ground in electrophysiologic surgery. Please send curriculum 
vitae. 


Please respor.d to Box 189. 189H/A 





Cardiac surgeon urgently needed for 2-year old practice in 
Northwest. Very early parity in case distribution, salary, and 
partnership. Board eligible-certified candidates submit curricu- 
lum vitae and references. 


Please respond to Box 190. 190HI 





Cardiovascular and thoracic surgeon: Position available for a 
board certified or eligible cardiovascular and thoracic surgeon to 
join a 3-man private practice involved with adult cardiac, tho- 
racic, and peripheral vascular surgery in a desirable eastern 
metropolitan area. Association will lead to competitive salary, 
excellent fringe benefits, and early partnership. Please send 
curriculum vitae. 


Please respond to Box 192. 192H/K 


Cardiovascular physician assistant needed for growing cardiac 
surgical practice in Northwest. Competitive salary, privileges, 


and call schedule to allow advantage of excellent geographic 
location. 


Please respond to Box 191. 191HI 
Three-man group currently performing adult cardiac, thoracic, 
and vascular surgery in desirable northeast location. Seeking 
associate leading to partnership. Candidate must be BC/BE. 


Please respond to Box 194. I94HJ 
Cardiovascular and thoracic surgeon, BC/BE, wanted for estab- 
lished 3-man group in northeastern Ohio. Adult cardiac, vascu- 
lar, and thoracic experience needed. Please send curriculum 
vitae. 


Please respond to Box 195. 195K 
Thoracic/vascular surgeon, boarded, preferably with vascular 
certificate, wanted to join established practice in Southeast. 
Cardiac capability available. Immediate opening. Please respond 
with curriculum vitae. 


Please respond to Box 196. 196] 


Cardiovascular and thoracic surgeon, BE/BC, to join established 
private practice in San Francisco Bay area. Practice includes adult 
cardiac, thoracic, and vascular surgery. Initial contact should 
include curriculum vitae and references. 


Please respond to Box 197. 1971/K 
Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join another physician in private practice in Northeast. 
Immediate availability. Please respond with curriculum vitae. 


Please respond to Box 198. 1981K 
Thoracic-vascular surgeon: Excellent opportunity for a board- 
certified or board-eligible noncardiac thoracic-vascular surgeon to 
join group practice on south shore of Long Island. Associated 
with two large level II 400-bed hospitals, fine recreational facili- 
ties, including beaches and boating, quality shools, and excellent 
homes. 


Please respond to Box 148. 148EGIKA 
Cardiovascular surgeon, board certified or eligible, needed for 
busy, private established practice. Primarily open heart surgery 
with some peripheral vascular and thoracic surgery. Competitive 
salary and benefits. 


Please respond to Box 200. 2001) 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 42, American, ABS, ABTS, 
ABVS. Eight years private practice experience. Completed over- 
seas fellowship in heart and heart/lung transplantation. Seeks 
opportunity with individual or group practice of cardiovascular 
and thoracic surgery. Curriculum vitae and references upon 
request. 


Please respond to Box 199. 199GA 





FELLOWSHIPS 


Fellowship in thoracic and cardiovascular surgery at Baylor 
University Medical Center. 


Contact Dr Harold C. Urschel, 3600 Gaston Avenue, Suite 1201, 
Dallas, TX 75246; telephone (214) 824-2503. 129G/L 





Vascular surgeon fellow: Deborah Heart & Lung Center is 
currently seeking qualified physician for fellowship training or 
surgical rotations in adult vascular surgery. Outstanding educa- 
tional opportunities with excellent salary and benefits. 


Please contact Lynn B. McGrath, MD, Chairman, Department of 
Surgery, Deborah Heart & Lung Center, Browns Mills, NJ 08015; 
(609) 893-6611, Ext 634. ‘ 175GA 


Surgical fellow—Clinical fellowship position available in adult 
and pediatric cardiothoracic surgery. Large volume of cases. NJ 
license required. Excellent salary and benefits. 


Please contact Lynn B. McGrath, MD, Department of Surgery, 
Deborah Heart & Lung Center, Browns Mills, NJ 08015. 
167G/L 


Cardiac Surgery Fellow-—-Clinical position for 1 or 2 years in 
very busy private practice in northern Virginia doing adult 
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cardiac, thoracic, and vascular surgery, pediatric cardiac 
surgery, arid cardiac transplantation. Responsibilities include 
perioperative care on surgical floor and intensive care unit and 
first assisting in surgery. Ideal position for resident having 
completed general surgery and waiting for cardiothoracic train- 
ing program. Excellent salary and benefits. ABS eligible or 
certified. 


Please respond with curriculum vitae with a description of 
personal interests and career goals to Virginia Heart Surgery 
Associates, 3301 Woodburn Road, Suite 301, Annandale, 
VA 22003. 182H/J 
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SCANLAN *. INTERNATIONAL 





Designers of Surgical Instrumentation for Over One Half Century 
ONE SCANLAN PLAZA/SAINT PAUL, MINNESOTA 55107/U.S.A./(612)298-0997 
WATS 800 328-9458 +» TWX 910 240-8613 + FAX 612 298-0018 
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|) Products of Life 


No. 2 in a series 


Hood prostheses are products of professional experience... 
designed to support difficult procedures and to make patients’ 


lives more comfortable. 





Westaby T-Y Stent 


This physiologically-designed tracheo- 
bronchial prosthesis aids surgical man- 
agement of airway obstructions from 
tracheal tumors, compression, burns or 
disease below the thoracic inlet. 





The stent combines bifurcated and T 
limbs in a single tube to help surgeons re- 
store patency of major airways and to 
provide relief from asphyxia. 

Made of surgical-grade, radiopaque 
silicone, the stent is flexible, comfortable 
and non-reactive to tissue, ensuring safe 
and effective relief within the distal 
trachea, carina and main bronchi for 
months. 

The stent has been used in patients 
with severe and diffuse scalding injury to 
trachea and main bronchi and with ob- 
struction from tumors below the thoracic 
inlet. Conceived by Stephen Westaby, 
B.Sc., M.B., E.R.C.S., M.S., consultant 
cardiothoracic surgeon, John Radcliffe 
Hospital, Oxford, England, the stent 

è enables normal breathing 

through nose and mouth, 

e permits healing and 

prevents desiccation, 

e facilitates removal of secretions, 

e remains securely in place. 
Westaby, S., Jackson, J. W., and Pearson, 
EG. A bifurcated silicone rubber stent for 
relief of tracheobronchial obstruction. 

J. Thorac. Cardiovasc. Surg. 83:414, 1982. 





Surgeons who are leaders 
in their specialties bave 
worked with us to develop 
solutions to the many 
challenges of trauma 

and disease. Here are some 
new products that can 

help you restore function 
and quality to the 

lives you beal. 


Two Stents for 
Thoracic Surgery 


Two anatomically-designed stents pre- 
vent anastomotic stenosis and aid 
management of chronic airway obstruc- 
tions after lung transplants, tuberculosis 
and malignancies. 





Y Stent is bifurcated for endoscopic 
placement to fit snugly into the distal 
trachea, the carina, and the proximal 
bronchi. Its tracheal limb can be trimmed 
to precise length during surgery. 





Hood Laboratories supports surgeons 
developing a niche in new healthcare 
technology. If you have a novel appli- 
cation to discuss, call or write to 
Director, Research & Development. 








Bronchial Stent is designed with flanges 
at both ends to prevent movement of the 
tube after endoscopic insertion in the 
bronchus. A range of lengths and dia- 
meters is available. 


Clinicians report that Hood Y stents 
and bronchial stents have remained im- 
planted in immunosuppressed patients 
for up to three years without complica- 
tions. Made of flexible, biocompatible, 
medical-grade silicone, these stents 

e enable normal breathing 

and speech, 

e prevent desiccation 

and permit healing. 


J. D. Cooper, M.D. and thoracic surgery 
staff members at the Toronto General 
Hospital, Toronto, Canada, developed 
both stents. Dr. Cooper is now affiliated 
with Washington University Medical 
Center, Division of Cardiothoracic 


| Surgery, St. Louis, Missouri. He is the 


author of Use of Silicone Stents in the 
Management of Airway Problems, Ann. 
Thorac. Surg. 47:3, 1989. 


f D HOOD 


7 LABORATORIES © 


helping you put quality into life 


575 WASHINGTON STREET 
PEMBROKE, MA 02359, USA 
617-826-7573 

TELEX 853466WU 

FAX 617-826-3899 





Copyright © 1989 by Medtronic, Inc. 
1703-7012 





All porcine valves begin with a flow- offers excellent hemodynamic perfor- 


impeding muscle shelf. Only the mance in the aortic position when 
Hancock® Modified Orifice (M.0.) compared with other valves of 
Bioprosthesis completely eliminates comparable size! 

the muscle. The innovative composite The improved flow characteristics 
design replaces the right coronary of the composite design make the 
cusp and its flow-impeding muscle Hancock M.O. Bioprosthesis the tissue 


shelf with a noncoronary cusp from valve of choice for the small aortic root. 


a larger valve. For detailed information describing intended use, warnings, 


The composite design, fea- precautions, and contraindications, refer to 
turing ihree tu lly flexible ea I the Instructions For Use provided with 
leaflets, a reinforced É 
orifice ring and flexible 
stent posts, results in an 
increased effective orifice 
area. This design, proven in 
over 12 years of clinical use, 





the product or contact your local 
Medtronic representative. 
CAUTION: Federal law (U.S.A.) 
restricts this device to sale by or 
on the order of a physician. 
1. DiSesa VJ, Allred EN, Kowalker W, et 
al: Performance of a fabricated trileaflet 
porcine bioprosthesis: Midterm follow- 
up of the Hancock modified-orifice valve. 
J Thorac Cardiovasc Surg 1987;94:220-224. 


HANCOCK 





Modified Orifice (M.O.) Bioprosthesis 


Medtronic Cardiovascular Surgery 
Heart Valve Division 

Medtronic, Inc. 

7000 Central Avenue, N.E. 

Minneapolis, MN 55432 


Physician’s Inf ion Servi . 
(oysa aa Medtronic E) 








ETHICON 
assures quali 
silk suture 
production 
from cocoon 


to package, to 
meet your 


standards for 
handling and 
performance. 


In fact, all of our suture products undergo 
this type of scrutiny, including our full line 
of natural and synthetic sutures. We begin 
our work with only the finest raw materials 
available. And the vigilance continues 
through each stage of the manufacturing 
process. Whether it’s degumming, braiding, 
dyeing, or needle attachment, every process 
is inspected every step of the way. Over 

200 quality assurance professionals and tech- 
nicians at ETHICON work to ensure that our 
standards meet yours. 


a Gohsenafohnsen company 


From resection to closure 
...dn business for life 


© ETHICON, INC. 1989 
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= Just because y uhave alotof 
instruments to choose from,doesnt 
mean you have alotofchoices. 


Up until * now, youve had to “pull to- micro tooth on their tips that allows ease of hand- 
sether” instruments to make your own I.M.A. Kit. ling of the adventitia surrounding the internal 


(nd although you had a lot of choices, no mammary artery, facilitating surgery and lessen- 
>ombination of instruments was exactly what ing the possibility of graft failure due to men 
vas required. Find out more about the Codman I.M.A. 


oday, that’s all changed. Because today, Kitby O bec A Codman Representative. 
here’s the new Codman.M.A. Kit, the very first Just say that you've heard that Codman instru- 
çit designed for I.M.A. proce- mentsare the instruments of 


jures with twelve specially choice when it comes to 
created instruments. I.M.A. procedures. 
Take the Jones I.M.A. Codman &Shurtleff, 


Inc., Randolph, Massachu- 


forceps that are included. 
setts 02368, (800) 255-2500. 


[They're the only forceps 
wailable specifically de- 
signed for thel.M.A.pedicle. 
3nilliantly conceived, ee S e m — CODMAN & SHURTLEFF.INC. 
hey feature a unique .003 \ a GohmenaGchnsen company 


Introducing the Codman1M.A.Kit. 
2 specialized instruments in one place. 
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The Annals 
of Thoracic 
Surgery 


Elsevier Science Publishing 
Company, Inc. 

655 Avenue of the Americas, 
New York, NY 10010 


O Moving? Please give us 6 
weeks advance notice. At- 
tach the label for your old 
address here, print your 
new address and zip code 
below, and send us this 
entire form. 


O Entering a New Subscrip- 
tion? Please fill out the 
order form below. 


O A Problem or Query? We 
can serve you best if you 
include your mailing label 
with any correspondence. 











Name 
Address 
City/State 
Country/Zip/Postal Code 








Specialty 





I am a member of 

O The Society of Thoracic Surgeons 

O The Southern Thoracic Surgical Association 
O Both societies 


New Subscriptions 
O Please enter my 1989 subscription to The Annals of 
Thoracic Surgery, ISSN 0003-4975, Volumes 47, 
48 (12 issues) 
*[] Personal Rate: $70.00 
O Resident, Intern Rate: $52.50 
O Institutional Rate: $110.00 
For air delivery in the U.S., Canada, and Mexico, add $48.00. 
Subscribers outside the U.S. should add $22.00 for surface delivery: 
$55.00 for surface air lift delivery to Europe, $70.00 for surface air 


lift to Japan; or $135.00 for air delivery to the rest of the world (not 
available to Japan). 














Enclosed is my: [O personal check OO bank draft 
Chargeto: ( American Express [O VISA 


O MasterCard (issuing bank # ) 





Account #____ ss Expires 


Signature 





O Please bill me. (Orders from non-U.S. customers 
must be prepaid). 
Note: Subscriptions begin with the first month after processing of 


your order unless otherwise indicated. Journal rates valid through 
December 31, 1989. 


*The personal rate is available to individuals at home addresses or 
medical institutions, and must be prepaid. 


1/88 WIAT BILL848A 
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Your Flexible Solution fo 


Now you can set the angle you prefer when sizing and inserting the St. Jude Medical® mechanical 
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ON 
HEART VALVE 
REPLACEMENT 


... Evolution Over a Quarter of a Century 





Arthur C. Beall, Jr, MD 
Guest Editor 


January 15-18, 1989 
Hotel del Coronado 
San Diego, California 


BE though beginning in 1953 cardiopulmonary by- 


pass permitted direct vision of cardiac valves, effec- 
tive therapy for most patients with acquired valvular heart 
disease was still not possible because of the advanced 
disease state of the valve. Just over a quarter of a century 
ago prosthetic heart valves became available. Many prob- 
lems were associated with these early models, but to 
paraphrase Dwight Harken, they were safer than the 
diseases that they were used to treat. Since then many 
modifications have been made in cardiac valve prosthe- 
ses, and most have resulted in substantial advances. 
Some, unfortunately, created more problems than im- 
provements. Allograft valves were introduced, and nu- 
merous tissue prostheses were constructed, along with 
ingenious methods of preservation. In spite of the pitfalls, 
progress has been sustained. 

Almost all of the pioneers in this quarter century of 
innovation still are alive, and January 1989 seemed an 
auspicious time to invite them to gather for reunion and 
reflection. San Diego, California, was selected for the 
meeting site, and the Hotel del Coronado served as a 
gracious host. Many companies in the heart valve and 
suture fields were generous in helping defray the ex- 
penses of the meeting and of this publication. 


As a reunion and social gathering, the Congress proved 
an outstanding success. So too were the presentations. 
Many pioneers who spoke are no longer involved in the 
valve field, and others long since have retired. Neverthe- 
less, physicians, engineers, other scientists, and manufac- 
turers enjoyed recalling their collaborations, as well as 
their disagreements. Some personal experiences were 
related that previously had not found their way into print. 
Several long-term follow-ups were presented, and meth- 
ods of statistical analyses were discussed. Finally, a few 
speakers chanced a look into the future of heart valve 
replacement. 

The Editor of The Annals, Dr Tom Ferguson, and his 
Administrative Editor, Carol Blasberg, have been most 
helpful in putting together the material submitted by the 
speakers. Hopefully, we have recorded how the heart 
valve field arrived at where it is today. However, unless 
we hark the words of Larry Pilot in his article, we may 
never again see such rapid strides in improving the care 
for these patients. 


Arthur C. Beall, Jr, MD 
Guest Editor 
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It Will Work: The First Successful Mitral 


Valve Replacement 
Nina S. Braunwald, MD 


Division of Cardiac Surgery, Brigham and Women’s Hospital, Boston, Massachusetts 


In 1959, a prosthetic mitral valve of flexible polyurethane 
with Teflon chordae tendineae was designed and fabri- 
cated. After a series of experiments in dogs carried out at 
the Clinic of Surgery at the National Heart Institute, on 
March 11, 1960, this valve was used as a total replace- 
ment of the mitral valve of a 44-year-old woman with 


he environment in which we train and the scientific 

problems of the time help to shape the course of the 
kind of research problems that we tackle. I completed my 
residency training in General Surgery as Chief Resident at 
Georgetown University Medical Center at a time when 
Charles Hufnagel, newly arrived from Boston, was using 
a methyl methacrylate ball valve prosthesis in the de- 
scending aorta for the treatment of aortic regurgitation. 
Armed with a core knowledge of biomaterials and heart 
valve modifications and graduate training in tissue trans- 
plantation, I was offered and accepted a staff position and 
my own laboratory in the Clinic of Surgery of the intra- 
mural program of what was then the National Heart 
Institute. 

Together with another then-young investigator, The- 
odore Cooper, later Assistant Secretary of Health and 
now Chief Executive Officer of Upjohn, I began laboratory 
investigations on the development of a prosthesis that 
would completely replace the mitral valve at a time when 
patients with end-stage mitral regurgitation were dying 
regularly despite vigorous medical treatment. 


Material and Methods 


Using hearts from animals and humans, plaster casts 
were made of normal mitral valves, the annulus, and the 
tissue around the atrioventricular junction. Using a plastic 
steel called Devcon, two-piece molds from which the 
finished valves were to be fabricated were made. A thin 
Dacron locked knit fabric was stretched over the male half 
of the mold and cemented in place, and the female half of 
the mold was filled with an open cell liquid polyurethane 
[1]. The mold was closed while the polymer was setting to 
assure that the leaflets would remain thin. Woven Teflon 
fabric chordae tendineae, made specially for us by the 
U.S. Catheter Co, were sewn to the valve leaflets (Fig 1). 

During the developmental phase of the work, valve 


Presented at the World Congress on Heart Valve Replacement, San Diego, 
CA, Jan 15-18, 1989. 


Address reprint requests to Dr Braunwald, Brigham and Women’s Hos- 
pital, 75 Francis St, Boston, MA 02115. 
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mitral regurgitation. After an uneventful postoperative 
course, she was discharged from the hospital and did 
well thereafter, but died suddenly, presumably of an 
arrhythmia, 4 months after operation. 


(Ann Thorac Surg 1989;48:51-3) 


function was tested in the laboratory using a pulse dupli- 
cator modeled on the one described by Davila and col- 
leagues [2]. The fabricated valve was sewn into hearts 
obtained at autopsy. This permitted leaflet motion to be 
correlated with atrioventricular distention at various pulse 
rates and left atrial pressures. It soon became evident that 
the length of the artificial chordae was crucial in assuring 
valve competency with a prosthesis in which the leaflets 
were extremely pliable. If the chordae were too tight, the 
valve was rendered incompetent in the open position; if 
they were too loose, the leaflets prolapsed into the left 
atrium, again causing incompetence. 

Once fabricated, the prosthesis was used to replace the 
mitral valve in 24 dogs with the aid of cardiopulmonary 
bypass, a technique that had been introduced into cardiac 
surgery a relatively short time previously. The left atrial 
pressure could be altered by adjusting the length of the 
artificial chordae. In surviving dogs, the left atrial pres- 
sure was found to be in the normal range. At the time of 
postmortem examination, a thin platelet fibrin deposit 
was seen covering the leaflets. After review of the prog- 
ress in the laboratory, the decision was made to employ 
this valve in a patient with end-stage mitral regurgitation 
in whom a reconstructive procedure was not possible 
[3-5]. l 

On March 11, 1960, with Dr Morrow at the table, I 
completely replaced the diseased mitral valve of a 44- 
year-old woman with the flexible open cell prosthetic 
mitral valve described. 

The patient had had a heart murmur of mitral regurgi- 
tation since the age of 8 years and was in New York Heart 
Association functional class IV with severe congestive 
heart failure despite intensive medical management. Her 
valve was noted to be severely thickened and scarred; the 
left atrium and ventricle were huge. The prosthetic valves 
had been fabricated in several annulus sizes and an 
appropriate one was sewn into the mitral annulus using 
four equidistant tacking sutures; the suture line was 
completed with a running suture. The artificial chordae 
had been brought out of the left ventricular wall in the 
region of the papillary muscle through small stab 
wounds. After ending bypass and allowing the left ven- 
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Fig 1. The completed valve after at- 
tachment of the chordae tendineae. 
(Reproduced from [3] by permission 
of The C.V. Mosby Company.) 


tricle to assume its normal dimensions and contractility, 
these chordae were fixed in place with Teflon felt pledgets 
(Fig 2). The leaflets were then fixed to the ventricular wall 
in diastole over Teflon felt pledgets. 

After the patient was weaned from cardiopulmonary 
bypass, the left atrial pressure was in the normal range, 
confirming satisfactory valve function. A small diastolic 
pressure gradient across the prosthetic valve was noted at 
the conclusion of the procedure. 

The patient made an uneventful recovery and was 
discharged fully ambulatory from the hospital on May 22, 
1960, clinically improved. No precordial murmur was 
audible. Four months after operation, her referring cardi- 
ologist called to say that she had experienced arrhythmias 
and had died one day after being admitted to a local 
hospital for an arrhythmia. Her heart was returned to the 
National Institutes of Health for postmortem examina- 





Fig 2. (A) Fixation of the valve to the mitral annulus; the prosthesis 
is sutured fo the annulus. (B) Appearance of the flexible polyurethane 
mitral valve prosthesis after insertion and adjustment of the artificial 
chordae tendineae. Reproduced from [3] by permission of The C.V. 
Mosby Company. 
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tion. The leaflets of the prosthesis were thin and pliable, 
with a thin fibrinous deposit over the polyurethane sur- 
faces. The Teflon pledgets at the site of exit of the chordae 
tendineae on the ventricle were all well healed. 


Comment 


During the course of developing an open cell polyure- 
thane leaflet mitral valve, it was appreciated that when 
the leaflets were made thin and pliable enough to provide 
minimal resistance to flow they would invert during 
systole, unless artificial chordae tendinae were used to 
restrict their motion. Once a technique was developed for 
optimizing tension on the chords in a beating heart, 
complete replacement of the mitral valve was achieved in 
a woman who was discharged from the hospital after an 
uneventful postoperative course. This was carried out at a 
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time in the history of open heart surgery when this 
operation (complete replacement of the mitral valve) had, 
to our knowledge, not been previously carried out, al- 
though other investigators were working on valve substi- 
tutes. 
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The Dog as a Model for Evaluating Prosthetic 


Heart Valves 


Richard D. Jones, PhD, Dennis M. Dreher, BS, and Frederick S. Cross, MD, PhD 
Division of Surgical Research, Saint Luke’s Hospital, Cleveland, Ohio 


O: first attempt to investigate valves for cardiac 
surgery was the construction of valved shunts in 
1954 [1]. These shunts allowed us to operate on the 
proximal great vessels and to simulate experimentally 
surgical correction of transposition in the dog before the 
advent of cardiopulmonary bypass. The subsequent de- 
velopment of the rotating disc oxygenator and surgical 
adjuncts such as the intracardiac suction tip, localized 
cardiac hypothermia, and a valved ventricular vent were 
carried out in our laboratory using dogs [2-5]. All animals 
received humane care in compliance with the “Guide for 
the Care and Use of Laboratory Animals” prior to and 
after its publication by the National Institutes of Health in 
1963. The evolution of these techniques of cardiopulmo- 
nary bypass ir. our laboratory is unquestionably attribut- 
able to the availability and suitability of the dog as a 
laboratory model for cardiac surgery. 

The dog did not seem to be as suitable a model for the 
development of a prosthetic heart valve, as most investi- 
gators found that the prosthesis quickly became covered 
with pannus and that evaluation of the prosthesis over 
the long term was not feasible. 

As did others, we found that the thrombus that accu- 
mulated on the prosthesis generally was infected. Bounos 
and associates [6] showed that the dog responds to 
hemorrhagic shock by damaging the bowel mucosa 
through the action of proteolytic enzymes so that the gut 
becomes permeable to bacterial products. Starting from 
this premise, we demonstrated that cardiopulmonary 
bypass is a sort of shock and that bacteria enter the 
circulation during this time [7]. Tf, however, we prevented 
bowel damage by preoperative dietary reduction of pro- 
teolytic enzymes, as Bounous and associates suggested, 
and sterilized the gut with antibiotics, and if we followed 
a rigorous prophylactic postoperative antibiotic regimen, 
we could achieve more than 90% survival for 1 month 
after prosthetic valve implantation. 

We then preceeded, in conjunction with the prophylac- 
tic protocol described above, to make an extensive study 
of the effectiveness of sustained release of antibiotics 
incorporated in the sewing rim of the prosthesis [8]. We 
reasoned that a high level of antibiotic leaching from the 
sewing rim would prevent bacterial seeding of any throm- 
bus on the valve and allow infection-free healing to take 
place. To fabricate the sustained release system, crystal- 
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line gentamicin was milled into silicone rubber in a ratio of 
40% gentamicin sulfate (generously supplied by Dr J. 
Allen Waitz of the.Schering Corporation) in 60% silicone 
rubber. Approximately 1.4 g of the mixture was placed in 
a mold and cured in an autoclave. The resultant gentami- 
cin-loaded rings were incorporated in the sewing rims of 
size 65 Cross/Jones disc prostheses and implanted in the 
mitral valve area, replacing the normal valve. Tracer 
studies of release of tritium-labeled gentamicin showed 
peak concentrations of gentamicin in arterial blood to be 
near 18 pg/mL on days 1 and 2 and to continue at 
detectable levels of 2 to 3 g/mL for more than 1 month. 
At the time of this report [8], excluding 2 animals who did 
not survive the operation, we had a survival rate of 87% in 
26 animals. More than 75% survived over 2 months. There 


' was an overall average 8.6-month survival time, with 10 


animals still alive (Table 1). 

Our early attempt at repair of heart valves in 1960 
consisted of the construction of single cusp replacements 
for one leaflet of the aortic valve [9, 10]. At that time we 
pointed out an important aspect of the design of the 
normal aortic valve that I would like to reiterate here. The 
unsupported, single aortic valve leaflet under pressure 
forms a nearly perfect sphere with its sinus of Valsalva. 
The design feature of critical importance is that the 
opening of the valve cusp lies above the greatest diameter 
of the sphere and the lip of the leaflet is on a latitude on 
the sphere that is smaller in circumference. This factor 
insures that the cusp inflates as the blood moves back 
toward the ventricle, closing the valve without prolapse 
(see Fig 293 in reference [9]). If the base of the sinus 
distends, or if the lip of the leaflet is damaged to make the 
cusp opening of equal or greater diameter than that of the 
sphere, the valve leaflet will prolapse. 

We recently inserted in dogs a series of 20 pericardial 
leaflet valves constructed on a cloth-covered stent using 
this design principle. We achieved an average survival of 
7 months; 3 dogs (18%) survived less than 1 month, 8 
(47%) survived 1 to 5 months, 1 (6%) survived 5 to 9 
months, and 5 (29%) survived more than 9 months. With 


Table 1. Survival Rate in Dogs With Gentamicin Rims 
Survival (mo)* 
Group No. 0-2 2-5 5-9 >9 


4(25) 1(6) 
13 (46) 6 (21) 


Control 16 9(56) = 2(13) 
7(25) 207 


2 Numbers in parentheses are percentages. 


Gentamicin rim 28 
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proper control of the bacteremia inherent in the dog, this 
animal makes a satisfactory model for testing prosthetic 
heart valves. 
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Memoirs of an Early Heart-Valve Engineer 


George G. Siposs, PE, PEng, MBA 


American Omni Medical, Inc, Costa Mesa, California 


He surgery is an American invention. Many of the 
close to half a million cardiac surgical procedures 
performed around the world today involve artificial heart 
valves that had their commercial origin in southern Cali- 
fornia’s Orange County. 

Twenty-five years ago I began a career that was the 
culmination of my childhood dreams: to be an engineer 
working with surgeons. As a heart-valve design engineer 
at Edwards Laboratories I was working on my first heart- 
valve patent within 4 months. 

It was an unforgettable, unbelievable, exciting, exhila- 
rating, and most satisfying era as we worked to establish 
a brand new field. While others tried to duplicate the 
natural shape of human heart valves, Lowell Edwards 
opted for function, with the elegant simplicity of the 
caged-ball valve. My job was to design a series of valve 
sizes and sewing rings. 

' Dr Albert Starr, my mentor, explained that heart valves 
cannot be equally proportioned as a ratio of diameter to 
lerigth, much as a man’s pants are not proportionally 
larger as the waist size increases. We had to tread softly 
and test carefully because we were in uncharted territory. 
I obtained calf hearts from the slaughterhouse so that I 
could learn cardiac morphology. I witnessed, photo- 
graphed, and filmed many open heart operations, and I 
attended postmortem examinations. One of my most 
unforgettable experiences was listening with a stetho- 
scope to the chest of a patient who had one of my valves 
implanted that morning. 

Day by day the impossible became reality: we devel- 
oped new manufacturing techniques, knitting machines, 
and assembly methods. It is crucial to remember that this 
was before the age of computers, before man had set foot 
on the moon, when biomedical engineering was still 
unheard of! Artificial heart-valve operations were written 
up in newspapers as the latest “gee-whiz” items. 

Early in 1964 I developed a fast-implanting valve based 
on Dr Arthur Beall’s concept that had spring-loaded pins 
incorporated in the suture ring and held back by a ripcord 
suture. When the key suture was cut, the 16 pins sank 
into the aortic tissue to anchor the valve in place. A 
photographer was supposed to take pictures during the 
first animal implantation, but he was so awestruck at the 
sight of an open heart that he forgot to load his camera. 
When Dr Beall signaled him to shoot, the cameraman’s 
mouth dropped open. 

A few months later, we tested another quick-implanta- 
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tion valve I had developed in response to the Cromie 
valve. My design had 12 curved needles at the valve 
periphery, which described a true arc instead of a sweep. 
Several dogs lived long term. (One was named George 
after me. It died 3 years later in a car accident.) 

One day Dr George Robinson of Montefiore Hospital in 
New York called and urgently requested pediatric valves 
for a 4-year-old patient who had outgrown a previously 
implanted valve. Within 2 weeks we created a veritable 
smorgasbord of valve sizes, enabling Dr Robinson to 
obtain a perfect fit. This case was also written up in 
several newspapers. 

We developed an excellent record-keeping system for 
training-valve materials, assembly methods, and tracing 
each valve right to the patient. This system would even 
stand the scrutiny of today’s Food and Drug Administra- 
tion. . 

I believe that we made the first pulse duplicators with 
polarized light to study flow patterns and regurgitation. 
We built high-speed testers to study durability. During 
the variant Silastic ball crisis, we performed lipid absorp- 
tion studies and other experiments from which evolved 
hollow steel balls and disc valves. I designed 72 different 
valves and 17 knitting machines to make sewing rings and 
covers for valve struts. 

We were striving for glistening pseudointima to be 
anchored into the cloth; the shape, material, and structure 
of the sewing ring seemed to hold the key to success. It 
was exhilarating because the lead time from concept to 
product was so short. The FDA was not yet on the 
horizon. 

Jim Bentley, Don Shiley, Warren Hancock, and I 
worked together: Eventually we all left Edwards Labora- 
toriés to start our own companies. It is a fact not widely 
known that in American companies the inventor-engineer 
receives one dollar per patent. That is why we decided to 
start our own companies. For a while I also worked with 
Warren Hancock on porcine valve developments. (My 
present company, American Omni Medical, Inc, manu- 
factures disposable anti-air embolism valves.) Today there 
are over 200 third- and fourth-generation medical-product 
manufacturing companies in Orange County alone that 
can trace their managerial pedigree back to the original 
Edwards Laboratories. 

Classical dramas present a problem in the first act, 
inject coniplications in the second, and finally resolve 
them in the third. In our “first act” we could do anything. 
The entry of the FDA into the medical manufacturing 
environment in 1976 marked our entry into the second 
act. The FDA is upon us. As I don’t believe that we can’ 
legislate morality, I don’t believe that the American gov- 
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ernment can legislate better products. Our industry is 
driven by two very powerful forces. First, if the product 
is of inferior quality or does not work properly, nobody 
will buy it. Second, the threat of lawsuits compels us to 
make safe products. The logic of free enterprise dictates 
that these two forces must be satisfied before the FDA. (It 
is interesting to note that only about 5% of litigation is due 
to product malfunction. Ninety-five percent of all lawsuits 
are the resuit of intraoperative human error.) 

Heart valves have come a long way, but I am proud to 
say that the Starr-Edwards valve’s longevity is still the 
gold standard against which all others are measured. The 
basic techniques, materials, and theories of achieving 
optimal orifice-to-outside diameter ratio are still as valid 
as they were in the halcyon days. About 20 years ago we 
had already designed the “ultimate” prosthesis, but we 
lacked (and still lack) the super-flexible, durable, and 
biocompatible materials to make the actual valves. This is 
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the area that holds the most promise—the inventing of 
these materials. 

Heart valve surgery has also spawned other inventive 
products and techniques such as extracorporeal mem- 
brane oxygenators, balloon catheters, and coronary artery 
bypass grafting. Recently I underwent two balloon angio- 
plasties. I felt fully confident (and proud) being treated 
with instruments in whose development I had had a small 
part. 

There is even a new profession: cardiopulmonary by- 
pass perfusion. Our horizons are widening in an. expo- 
nential fashion. It will be exciting to see how the third act 
resolves the problems of our grand play. 

The next 25 years will surely bring more exciting tech- 
niques and innovations in the treatment of heart disease. 
I hope that most of us will be able to meet in the year 
2014, to discuss 50 years of our progress. It will be an 
interesting meeting! i 








The Full-Orifice Concept in Prosthetic Heart Valves 


Rolland Siegel, BA, Trevor B. Davey, ME, Boris Kaufman, MS, and 


Samuel H. Goodenough, BSME 


Department of Biomedical Engineering, California State University, Sacramento, California 


ae by dissatisfaction with the then available 
prosthetic heart valves, cooperative valve studies 
were initiated in the spring of 1963 between the Depart- 
ment of Surgery at the Sutter Memorial Hospital and the 
Engineering Department at California State University, 
Sacramento. The studies brought together two cardiotho- 
racic surgeons, Dr Edward A. Smeloff and Dr Robert S. 
Cartwright, and two professors of mechanical engineer- 
ing, Dr Trevor B. Davey and Dr Boris Kaufman. The 
objective of the study was to develop an advanced ball 
prosthesis with the following characteristics: (1) opti- 
mized flow through a maximized orifice area, and elimi- 
nation of blood stasis and turbulence, (2) reduced bulk, 
and (3) extended durability. 

Before a commitment was made to the ball-in-cage 
design, a number of alternate configurations were consid- 
ered including flap valves, cusp valves, and disc valves. A 
variety of means of affixing the prosthesis to the host 
tissue annulus were also considered. The preliminary 
explorations suggested that a ball-in-cage—type valve held 
the greatest potential for success in achieving the afore- 
mentioned objectives. A sequence of designs was then 
produced based loosely on the PEMCO valve, a titanium 
orifice-seating open cage prosthesis with a silicone pop- 
pet. The orifice <o ball diameter ratio for this valve was 
approximately 0.80. An earlier version of this valve with a 
closed cage used clinically had developed a streamer 
thrombus from the cage apex, prompting the change to 
open cage. 

The first modifications proposed for the new valve were 
the increase in ball to orifice diameter ratio to approxi- 
mately 0.90 and the use of a small secondary cage to 
prevent jamming of the ball in the orifice. A logical 
extension of this principle then led to an orifice to ball 
diameter ratio of 1.00 (ie, the diameter of the ball and 
orifice would be equal). Simple calculations revealed that 
improving the ratio from 0.8 to 1.0 reduces the sphere 
mass by 50% for a given orifice diameter. However, 
silicone-rubber molding techniques available at that time 
could not produce perfectly spherical poppets. Conse- 
quently, it was necessary to increase the orifice diameter 
to just slightly greater than nominal ball diameter to allow 
for ball manufaciuring tolerances. 

To assess the potential hemodynamic consequences of 
these changes by comparing prototypes of the new valve 
with other available prostheses, a sophisticated pulse 
duplicator was designed and constructed (Fig 1). The 
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pulse duplicator was unique in that it permitted simulta- 
neous slow-motion photography of aortic and mitral 
valves. Variables explored included ball travel, impact 
characteristics, orifice configuration, pressure gradients, 
regurgitation, stagnation and turbulence, and forward 
flow as a function of beat rate and pressure. 

During these studies it was observed that as a conse- 
quence of the clearance between the orifice and the ball, 
there was a slight regurgitation when the ball was in the 
closed position, which produced a self-washing action on 
the valve proximal surfaces. Multiple-seating impact or 
bouncing was eliminated. It was also observed that by 
altering ball travel, it was possible to substantially affect 
forward flow and regurgitation. It was determined that 
optimal forward flow at lowest gradient occurred when 


` cage length permitted ball travel such that in the full open 


position an outflow or secondary orifice area was created 
exactly equal to the primary orifice. These engineering 
design characteristics were incorporated in the SCDK 
(Smeloff-Cartwright-Davey-Kaufman) valve. It had a V 
orifice cross-section, and the ball seated on the tips of the 
secondary cage. Valve durability was studied in a spe- 
cially designed accelerated wear tester. A series of the 
SCDK valves was tested at a rate of 800 cpm for the 
equivalent of approximately 15 years at physiological 
rates. No structural failures were observed. 

During the evolution of the SCDK design, a number of 
acute clinical emergencies arose necessitating construc- 
tion of prototype valves, which were implanted in pa- 
tients. These clinical prototypes were individually hand- 
made by Anton Nirschl, Chief Technician for the School 
of Engineering, California State University, Sacramento. 
Because of concern with the introduction of foreign 
materials and the potential for faulty welds, monobloc 
titanium construction was specified. All full-orifice pros- 
theses produced thereafter have been constructed in 
accordance with this specification. 

Successes with these individually handcrafted prosthe- 
ses stimulated an interest in their availability for use at 
other heart centers, and led to discussions with Cutter 
Laboratories (Berkeley, CA) with the objective of regular 
production and wider distribution. These discussions 
reached fruition in late 1964 and, under the direction of 
Paul Kahn, Sam Goodenough was made responsible by 
Cutter for effecting the transition from prototype to pro- 
duction. Unique methods were introduced to simplify the 
manufacturing process and reduce cost. For example, an 
electric discharge machining technique was used to re- 
move excess material and bring the struts closer to final 
configuration. A machine designed for ultrasonic welding 
of plastics was modified to shape the distal struts to the 
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desired curvature. A production staff was trained and 
quality-control standards established, some of which 
were ultimately incorporated in the Association for the 
Advancement of Medical Instrumentation Heart Valve 
Standards. 

The valve, then designated the SCDK-Cutter, was in- 
troduced for clinical use both in the US and at foreign 
heart centers. Ongoing in vitro evaluation of the design 
suggested that further improvements were possible 
through modification of the orifice geometry to a radius of 
curvature, instead of the original V cross section, and also 
by shaping the proximal cage struts to produce a line 
rather than a point contact for ball seating. The prosthesis 
incorporating these modifications was designated the 
Smeloff-Cutter prosthesis. It was introduced clinically in 
1965, and replaced the SCDK-Cutter valve entirely by 
1966. 

At this time, an industry problem termed “ball vari- 
ance” arose. Both the SCDK-Cutter and Smeloff-Cutter 
prostheses were subject to this complication. Studies were 
initiated in an effort to elucidate and alleviate this prob- 
lem. They resulted in two changes: (1) modification of the 
silicone-rubber ball curing process to produce a “mild 
cure,” and (2) modification of the procedures by which 
the ball was mated to a specific cage. Valves constructed 
to these specifications were designated as Smeloff-Cutter 
Present Model valves, and were placed in clinical service 
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Fig 1. Original pulse duplicator constructed at Cali- 
fornia State University, Sacramento, for comparative 
valve study. (Reprinted from Smeloff EA, Huntley 
AC, Davel TB, Kaufman B, Gerbode F, Comparative 
study of prosthetic heart valves. ] Thorac Cardiovasc 
Surg 1966;52:841-8, by permission of The C.V. 
Mosby Co.) 


in September 1966. This model has not experienced classic 
ball variance resulting in valve malfunction. The full- 
orifice concept was subsequently incorporated in other 
designs such as the Cooley-Cutter valve, initially fabri- 
cated with a Pyrolite-carbon lenticular poppet as a mitral 
prosthesis, which evolved to a prosthesis incorporating a 
biconical Pyrolite-carbon occluder used for both mitral 
and aortic positions. 

In the Smeloff-Cutter valve consideration was periodi- 
cally given to substitution of the silicone-rubber poppet by 
other materials. However, with the mitigation of ball 
variance in the valves produced after September 1966, the 
impetus for a materials change diminished. In summary, 
since their clinical introduction, it is estimated that well 
over 20,000 full-orifice valves have been implanted world- 
wide. Clinical experience has been extensively docu- 
mented. We agree with Starr and colleagues, who con- 
cluded that “the Smeloff-Cutter valve is a mechanically 
reliable and durable prosthesis with proved excellent 
survival” [1]. In as much as this valve is now in its third 
decade of continual clinical service without modification, 
we believe that it has indeed withstood the test of time. 
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B variance was a major cause for concern early in the 
use of heart valves with silicone rubber occluders [1, 
2]. Ball variance can be defined as the physical changes 
that can occur in vivo accompanying the absorption of 
simple and complex plasma lipids. The changes are man- 
ifested in several ways, including discoloration, weight 
gain, wear, swelling, and fissuring. Valve function can be 
compromised by reduced occluder mobility, or by impac- 
tion or loss of the occluder. 

The SCDK and the Smeloff-Cutter (S-C) valves are 
double-cage ball valves in which the ball passes through 
the orifice of the valve, with the equator of the ball 
essentially occluding the valve orifice. Ball variance is of 
particular concern because the relationship of the diame- 
ter of the ball to that of the orifice must be maintained to 
assure optimal valve function. Clinical evidence of ball 
variance was reported in about 2.5% of the SCDK and in 
about 1% of the early model S-C valves. 

Because of the relatively low incidence of variance, we 
believed that both chemical and physical or environmen- 
tal factors are involved in the development of ball vari- 
ance, A major tactor appears to be aberrant flow patterns 
in the prosthesis. Data on early Starr-Edwards valves 
showed that variance occurred only in the aortic position, 
where turbulence and impact forces were relatively great, 
and usually were associated with implantation problems, 
whereas paired mitral implants showed no variance [2]. 
On this basis, the problem was approached from several 
angles. 


Development of In Vitro Methods to Duplicate 
Lipid Pickup and to Evaluate Effect of Silicone 
Rubber Cure Cycle on Absorption 


Variant and nonvariant balls that were returned for exam- 
ination were analyzed for lipid content [3, 4]. The ab- 
sorbed material was found to be a mixture of free lipids 
and relatively polar materials. The free lipids included 
fatty acid, neutral fat, steroid, steroid ester, and phospho- 
lipid; the complex polar materials on analysis were found 
to consist principally of oxidation products of polyunsat- 
urated fatty acids analogous to linoleic and arachidonic 
acids. Nonvariant balls had lipid contents up to 1.5%, and 
variant balls had lipid contents of from 2% to 16%. Simple 
lipids were absorbed to about 1.5% in variant balls, with 
the balance being the polar material. 
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A test “plasma” was developed. It contained physio- 
logical concentrations of sodium chloride, glucose, urea, 
amino acids, triglycerides, linoleic acid, cholesterol, cho- 
lesterol ester, and phospholipid. Simple lipid pickup by 
samples agitated up to 8 weeks in the mixture at about 
37°C plateaued at about 1.5%. The addition of oxidized 
linoleic acid products to the test mixture only minimally 
increased pickup, to 1.7%. As these polar compounds are 
not readily soluble in silicone rubber [5], a concept was 
developed that the oxidation products of polyunsaturated 
fatty acids are formed by the action of molecular oxygen 
on the fatty acids after their absorption into the rubber. 
This was validated in one experiment by bubbling oxygen 
into the test mixture with oxidized linoleic acid products. 
Balls that had plateaued at 1.7% showed increased ab- 
sorption, with a yellow, opaque appearance and yellow 
focal areas. The same experiment, but without the oxi- 
dized products, showed no increase. In another experi- 
ment, balls impregnated with linoleic acid were exposed 
to an oxygen atmosphere at 38°C for 4 months, resulting 
in the orange-yellow surface, yellow interior, and fissures 
and swollen areas found in variant balls. Extracts from 
these in vitro balls showed the same analytical profile as 
material: from clinical in vivo variant poppets. 

The effects of silicone rubber cure, filler, and use of 
alternate elastomers were also investigated. After com- 
pression molding, the balls must be cured to remove 
vulcanization by-products and to stabilize the compound 
by heating the balls at a high temperature for a period of 
time. The cure used for the occluders for the SCDK and 
early model S-C was at 216°C for 16 hours. A series of tests 
using mild to severe cure conditions demonstrated that 
lipid pickup increased with the severity of cure, and that 
prolonged cure induced some degree of reversion and 
increased lipid absorption. Both increased filler content 
and fluorosilicone elastomer demonstrated lower pickup 
than the control. Mechanical limitations, such as hard- 
ness, rebound, and deformation, precluded use of fluo- 
rosilicone or increased filler. As a result of these tests, the 
cure of the occluder was changed to a “mild” cure of 8 
hours at 121°C followed by 8 hours at 204°C to reduce the 
propensity for lipid pickup. 

These findings do not fully explain the cause of vari- 
ance. Variations in body chemistry alone could not ac- 
count for variance, as polyunsaturated fatty acids and 
their esters are present in the blood of all valve recipients. 
Also, variations in silicone ball manufacture such as cure 
and filler content, although possibly aggravating the 
condition in some cases, would hardly be the sole cause. 
It is generally thought that lipid absorption and ball 
variance result primarily from aberrant flow patterns in 
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the prosthesis. Turbulence and ball impact trauma prob- 
ably influence polyunsaturate absorption by freeing fatty 
acids and esters from protein. As lipoproteins, or other- 
wise protein-bound, they are not absorbed by silicone 
rubber. Mechanical action in or around the prosthesis 
could cause denaturation of the complexes and freeing of 
the polyunsaturates, which could then be absorbed by the 
silicone rubber. 


Design and Manufacturing Modifications to 
Minimize Turbulence and Impact 


A number of design modifications were made. (1) The 
throat of the orifice ring was modified from a truncated V 
section (GCDK) to a radius of curvature (S-C) for stream- 
lined flow. The struts were also faired into the ring to 
guide the ball into the throat with reduced impingement. 
(2) Control on ball sphericity was tightened to require 
concentricity within 0.002 inches, and diameter to +0.010 
inches of nominal size. (3) We found that the occluders 
increased about 0.4% in diameter between room temper- 
ature and 37°C, the operating temperature of the valve. 
Ball dimensions were then measured after at least five 
hours in a 37° to 40°C incubator. (4) The metal cages of the 
valves were manufactured to match a specific ball, and 
were finished to have a clearance of 0.002 inches over the 
largest ball diameter. 


KAHN AND CARMEN Sil 
BALL VARIANCE REDUCTION 


The complete series of changes, along with the use of 
the mild cure poppets, were introduced in September 
1966 as the Present Model Smeloff-Cutter valve. The valve 
design has remained unchanged since then. Notably, to 
date, and with in excess of 25,000 valves in use, no 
clinically significant ball variance with the Present Model 
Smeloff-Cutter valve has been reported to the manufac- 
turers (Mizoguchi A, Sutter Biomedical Inc, personal 
communication). 
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In Vitro Testing of Heart Valves: Evolution Over 


the Past 25 Years 
David W. Wieting, PhD 


Baxter Edwards CVS Division, Irvine, California 


he earliest method for in vitro testing of heart valves 
was described by Leonardo da Vinci in 1513 [1]. 
Ironically, it was in 1952, the year da Vinci’s work was 
described by O'Malley and Saunders [2], that the first 
heart valve was successfully implanted in the descending 
aorta by Hufnagel. The incentive for conducting in vitro 
studies was provided by three subsequent developments: 
(1) successful mitral and aortic valve replacement by Starr 
and Harken, respectively, in 1960; (2) increased federal 
funding for heart valve research in the 1960s; and (3) 
medical device legislation in 1976. Without these catalytic 
forces, in vitro testing probably would not have devel- 
oped as it has over the past 25 years. 

In vitro testing and other bioengineering considerations 
are summarized in numerous books [3-7], beginning with 
the First Conference on Prosthetic Heart Valves in 1960, 
and various review articles [8-12]. Literally hundreds of 
articles describing in vitro tests have been published in 


the past 25 years; therefore, a complete summary is not , 


possible here. This paper will attempt to highlight some.of 
the major contributions:* 

In vitro evaluation of prosthetic heart valves involves 
three unique types of test systems: (1) pulsatile flow 
(pulse duplicators), (2) steady flow, and (3) durability 
(accelerated wear testing). Pioneering désigns of pulse 
duplication systems were reported by Davila in 1956 and 
Kolff and colleagues in 1959. Gorlin introduced a hydrau- 
lic formula, the “Gorlin Equation,” for calculating valve 
area in 1951, which is used today for calculating effective 
orifice area during in vitro testing. In 1979, Gabbay, 
Yellin, and Frater introduced the concept of a perfor- 
mance index, which is the effective orifice area divided by 
the mounting diameter. 

‘In 1965, Davey, Kaufman, and Smeloff described a 
pulse duplication system that. was used for quantitative 
studies in the development of the Smeloff-Cutter valve. 
Wieting introduced a pulse duplication system in 1966, 
with revisions in 1969, using anatomically designed tést- 
ing. chambers and incorporating a pneumatic power unit 
(Vitamek) and a‘ mock-circulating system designed by 
O'Bannon. This system was used to make normal and 
high-speed flaw pattern movies and measure velocity 
profiles from flow pattern photographs, shear stréss, 
pressure drop, and backflow for various heart valves. 
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Kastet described a pulse duplication-analog computer 
system in 1968 that provided on-line data and was used in 
the development of several heart valves. A substantial 
contribution was made by Bellhouse in 1969 with the 
description of the fluid mechanics of the natural aortic and 
mitral valves, as studied in an aortic chamber with si- 
nuses, and a left ventricular-shaped testing chamber with 
an expanding “rubber” bag. In vitro testing in the 1960s 
became much more quantitative than that of the previous 
decade. 

Beginning in 1970, Wright described various pulse 
duplication systems and methods for analyzing the flow 
characteristics of heart valves in a piston-driven ventricu- 
lar-shaped chamber and aortic arch model. The concept of 
energy loss across prosthetic heart valves was introduced 
by Olin in 1971. Stripling, Wieting, and Hwang designed 
a left ventricular-shaped chamber, and used the hot-film 
anemometer for measuring the velocity distal to thé 
human mitral valve in 1972. Arabia and Wieting rede- 
signed this left ventricular-shaped chamber and used it 
for analyzing the fluid dynamics of prosthetic heart valves 
in 1979, Closing forces of heart valves were measured by 
Keddie in 1978, and by Kinberger in 1979, A pulse 
duplication system was described by Swanson and Clark 
in 1977 that was later used for developing the concept of 
a performance index, defined as the sum of the percent- 
age pressure drop power loss and the percentage bäck- 
flow. Swanson and Clark also conducted studies of 
streaming birefringénce across heart valves. The Cana- 
dian team of Scotten, Walker, and Brownlee entered the 
arena of in vitro testing in the 1970s. Their original 
hydromechanical pulse duplicator evolved in the 1980s. to 
the “Superpump,” which is programmable and comput- 
er-controlled to provide a very sophisticated heart valve 
analysis system. Numerous innovative studies have been 
reported by this group over the intervening years. An 
important contribution was made in 1977 by Cornhill, 
who first described a pulse duplication system incorpo- 
rating a characteristic aortic resistance, a capacitance, and 
a peripheral resistance based on the lumped parameter 
model of Westerhoff. 

The fruitful collaboration of Hwang and Reul resulted 
in the development of a pulse duplicator in the late 1970s 
that incorporates a flexible left ventricular bag compressed 
by a computer-controlled servo- hydraulic system. Modi- 
fied versions of this system have been used by both 
Hwang and Reul independently to conduct numerous 
scientific investigations of heart valves, as well as cardio- 
vascular fluid dynamics, using the hot-film anemometer 
and laser-Doppler anemometers. In the 1970s, Rainer and 
Christopher used a pulse duplicator and high-speed cine- 
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matography to analyze the dynamic flow behavior of 
heart valves. 

A major contribution to in vitro testing grew out of the 
collaborative efforts of Yoganathan, Harrison, and Cor- 
coran in 1979. After the untimely death of Corcoran, 
Yoganathan has continued actively studying heart valves 
using the latest technology provided by laser-Doppler, 
echo-Doppler, and color-Doppler echocardiography to 
analyze the in vitro fluid mechanics of heart valves and 
compare the results with in vivo hemodynamic data by 
close collaboration with cardiologists, including Harrison. 
Dellsperger and Wieting collaborated with Harrison in 
1983 and introduced the concept of bacxflow dependence 
on heart rate and cardiac output. The team of Martin, 
Tindale, and Black began reporting investigations of heart 
valves in the 1980s. Important studies have been reported 
by Chandran in the 1980s, including hot-film and laser- 
Doppler anemometer measurements of velocities in a 
model aortic arch and left ventricular-shaped chambers 
for various heart valves. Contributions by Chandran 
include the investigation of the effect of valve orientation, 
the effect of blood analogue fluids on tissue valves, and 
the effect of wedging of aortic valves. 

Steady-flow studies were introduced by Forrester and 
Wieting in 1969 to compare the fluid-flow resistance 
(pressure drop) of 45 different heart valves. Steady-flow 
studies have also been reported using the laser-Doppler 
anemometer by Yoganathan in 1978 for wall shear stress 
measurement, and by Chandran in 1983 for velocity 
measurement. Other investigators who have used steady- 
flow systems include Martin, Tindale, and Black (1981), 
Gabbay (1978), and Reul (1986). The exact correlation, 
however, between steady-flow and pulsatile-flow data 
has not been well established. 

Durability of heart valves has always been a major 
concern. Unique accelerated wear test systems have been 
described by Steinmetz, Merendino, and Muller (1964), 
Koorajian, Pierie, and Starr (1968), Almond and associates 
(1974), Clark and Swanson (1978), Swanson and Clark 
(1979), Fettel, Johnson, and Morris (1980), Gabbay (1979), 
Martin, Tindale, and Black (1981), and Reul (1986). Each 
of these accelerated wear test systems has been used to 
conduct extensive durability tests of prosthetic heart valve 
designs. 

Future in vitro testing will probably be focused on the 
following areas: (1) quality assurance testing during man- 
ufacturing; (2) heart valve closing forces and mechanics; 
(3) cavitation erosion of metals and ceramics used in 
prosthetic valves (Leuer, in 1986, described cavitation 
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erosion of pyrolytic carbon heart valves used in artificial 
hearts. Pitting suggestive of flow erosion has recently 
been observed and reported [13] on explanted pyrolytic 
carbon heart valves; therefore, the possibility of cavitation 
erosion of pyrolytic carbon and other materials used in 
heart valves needs to be studied very thoroughly); and (4) 
in vitro modeling of flow-related factors and other trans- 
port phenomena contributing to the calcification of pros- 
thetic valves. Of course, there will be many other areas 
discovered for investigation along the way. 

In summary, in vitro testing must continue to apply all 
of the latest technological advances to expand our under- 
standing of the function of heart valve replacements 
before implantation i in humans, in order to find the “ideal 
heart valve.” 


The author gratefully acknowledges the assistance of Payam 
Adlparvar, John Unger, Lupe Ruhman, and Bonnie Mikoleit in 
the preparation of this paper. — 
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Pitfalls in Statistical Analysis of Heart 


Valve Prostheses 


Gary L. Grunkemeier, PhD, and Albert Starr, MD 


St. Vincent Heart Institute, Oregon Health Sciences University, Portland, Oregon 


AC and precise determination of the risks of 
postoperative complications is important for evalu- 
ating and comparing the clinical performance of artificial 
heart valves. We began prospective follow-up with our 
first heart valve recipient in 1960. During the ensuing 
years the research projects that this system permitted 
have made us aware of many statistical pitfalls, which can 
be grouped into five somewhat overlapping categories: (1) 
data acquisition; (2) series selection; (3) statistical meth- 
ods; (4) automated analysis; and (5) interpretation. 


Data Acquisition Pitfalls 


The method used to acquire clinical information has a 
fundamental effect on its accuracy and completeness. 


Retrospective Versus Prospective 


If the decision to study a group of patients is made some 
time after their treatment has been completed, retrieval of 
important information must rely on the patient’s memory 
of events that may be many years past, or the patient may be 
deceased at the time of the follow-up, eliminating his or her 
help in reconstructing the postoperative experience. The 
term retrospective is often used to describe this method, as 
opposed to a prospective system in which each patient is 
routinely followed as their postoperative experience un- 
folds, independent of any decision to conduct a study. 


Passive Versus Active 

Follow-up methods may range from passive to active, 
according to the effort invested in pursuing lost patients 
and causes of possible complications. This in turn affects 
the completeness of the follow-up, which can obviously 
affect conclusions, especially if the missing percentage 
could account for the difference between a good or poor 
performance. Follow-up completeness is often not given 
or, when it is, is not defined (“99% were accounted 
for”—as of when?). 


Pipeline Effect . 

A problem that may plague even the best follow-up 
system is the lag between the occurrence of a complication 
and its reporting. The events reported in this month's 
journal have beer: in the “pipeline” between occurrence 
and publication for up to 2 years. 


Definitions 
A major pitfall has been the lack of standard definitions. A 
recent attempt to overcome this problem has been the 
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concurrent publication of reporting and nomenclature 
guidelines in three surgical journals [1-3]. However, these 
general guidelines need a supplementary, detailed, work- 
ing handbook to cover the complex situations encountered 
in practical use: for example, how to decide whether an 
infarction began before or during operation, and what date 
to use for death or follow-up when only the year is known. 


Selection in Reported Series 


Valve results that are published, and upon which we 
must base our knowledge of valve performance, may not 
be representative of, and therefore generalizable to, the 
general population of patients. 


Case Selection Bias 


The patients in a series may be selected by the decision of 
referring physicians, perhaps because of the experience or 
skills of the surgical group, or other factors. For example, 
this selection process has been seen to seriously curtail 
patient referral to a surgical center because of participa- 
tion in a randomized clinical trial. A further selection 
occurs by the surgical team regarding whether to accept 
the patient for operation. And after the decision to oper- 
ate has been made, a selection of the treatment type—eg, 
repair instead of replacement, or the type of valve to use 
when several types are used concurrently—must be 
made. 


Publication Bias 

The above types of bias: determine which series exist for 
potential study; whether or not the series is in fact 
reviewed, or if reviewed, is submitted for publication, 
may be based on the results obtained. A series may be 
submitted because the results are particularly good or 
poor, depending on the physician’s bias, eg, structural 
failures in a mechanical valve series might be the motiva- 
tion to publish (or not). Finally, the decision to accept a 
series for publication may. reflect another set of preju- 
dices, that of the referees and editors. 


Misleading Statistical Methods 


The wrong statistical method for a given situation might 
be used, or the right statistic might be used improperly. 


Ignoring Time Relationship 

After heart valve replacement became a clinical possibility 
in 1960, the challenge to surgeons was to reduce the 
operative mortality. Over the next 5 years operative 
survival rose dramatically, from about 50% to about 90%, 
representing a rewardingly steep learning curve. When 
attention then shifted to late survival, it was still often 
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described using a simple percentage. The realization of 
this pitfall led to almost universal acceptance of actuarial- 
type methods, but the misleading “late percent” is still 
occasionally used. Similarly, logistic regression, which is 
also designed for a dichotomous response variable, 
should not be used for time-related events such as sur- 
vival. On the other hand, Cox regression should not be used 
for a non-time-related event such as operative death. 


Linearized Rate for Nonconstant Risk 


A linearized rate should only be used to summarize the 
risk of an event when that risk is constant over time 
(which corresponds to an exponential event-free curve). 
This is not the case for primary tissue valve failure, and 
may only be approximately true for events such as throm- 
boembolism. In such cases, the hazard function should be 
used to measure the time-varying risk. 


Multiple Comparisons 


The p value of a statistical test measures the probability of 
observing such a difference by chance alone (and thus of 
falsely concluding that the difference is significant). When 
numerous tests are performed on the same data, which 
often occurs in clinical studies, the probability of this false 
conclusion increases, though the p value does not. One 
suggested correction, though rarely used in practice, is to 
multiply each observed p value by the number of p values 
generated (Bonferroni). 


Improper Comparisons 

Comparing groups that are not comparable with regard to 
the characteristics affecting valve performance can lead to 
erroneous conclusions. A conclusion opposite to the true 
one may be reached simply by the omission of one 
important covariate (Simpson’s paradox). In fact, a prog- 
nostic factor should probably be accounted for in the com- 
parison even if it is balanced in the groups being compared! 


Pitfalls of Automated Analysis 


A modern category of errors has arisen because of com- 
puter programs that make decisions arbitrarily, ignorant 
of the subject matter. 


Misspecification of the Model 

For example, in the Cox regression the assumed relation- 
ship between the hazard function and a linear function of 
the covariates is rarely tested. Transformations or recod- 
ing of the variables may be required. 


Wrong Covariates Chosen 


Important covariates may be absent from the model. The 
presence of an inappropriate covariate can reduce, elimi- 
nate, or reverse the effect due to another factor. 


Outlier Data Points 
Points with inappropriately high influence on the results 
may be from error or from abnormal subjects. 


Unjustified Extrapolation 


A model can be used recklessly to extrapolate beyond 
observed postoperative time, or to unlikely or impossible 
combinations of variables (pregnant and male). 
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Dangers of Interpretation 


Statistical Versus Clinical Significance 


When the p value resulting from a test of hypothesis is not 
small enough to imply statistical significance (eg, >0.05), 
this does not mean that “no difference exists” as is 
sometimes claimed, but only that the study failed to 
demonstrate one. A clinically important difference may 
exist in spite of the lack of statistical significance. Con- 
versely, a Statistically significant difference is not always 
clinically important; if a large enough sample is studied, 
every difference will eventually become significant. 


Correlation Versus Causation 


A significant correlation between two variables (eg, in- 
traaortic balloon pump and operative death) does not 
mean that one was a result of the other, but may be due 
to the common relationship with a third, causative vari- 
able (poor left ventricular function). 


Actual Versus Potential Failures 


The actuarial percent of failures (eg, 70% tissue valve 
failure by 15 years) will not actually occur; the competing 
risk of death will eliminate many patients before their 
valve would have failed, resulting in a much lower 
percent of valves (about 40% by 15 years) that actually fail. 


Valve-Related Versus Not Valve-Related 


The intrinsic stroke rate is quite high in very elderly 
patients. This could distort the analysis of thromboembo- 
lism, especially for comparative purposes. 


Small Percent of Variation Explained 


Multiple regression analyses often find several variables 
highly significant, but together they typically account for 
only a small fraction (often less than 20%) of the total 
observed variation in the series, as measured by the 
overall R?. 


Over- or Under-Reacting to Rare Events 


Random events are not uniformly distributed except 
when taken on a large enough scale relative to the 
occurrence rate. For example in a town with an average of 
seven accidents per week, the probability of a given week 
having one per day is 1/163, thus this would occur only 
once about every 3 years. 


Summary 


Beware of the dangers of automated analysis, especially in 
multiple regression, and of overinterpretation of data. Do 
not let yourself be manipulated by numbers. 
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Prosthetic Heart Valves: Design Considerations 


M. Tascon, MD 


ps the last 25 years great progress has been made 
in the area of heart valve design and replacement. 
In spite of substantial contributions in valve designs, a 
perfect valve is not available. Most of the available stented 
or supported protheses result in an orifice appreciably 
smaller than the natural valve and, in some cases, an 


unacceptably high pressure gradient. A high pressure ` 


gradient causes extra work for the heart, turbulence, 
blood component damage, and also valve deterioration. 
Because of these complications one must design a valve 
with the largest possible orifice area. Other disadvantages 
of tissue valves are the development of calcification, valve 
dysfunction [1, 2], and the need for valve replacement in 
20% to 40% of the patients within a 10-year period (3, 4]. 

Reoperations of patients in whom prosthetic heart 
valves have been implanted are not free from complica- 
tions [5]. The risk increases when an emergency proce- 
dure is necessary [6, 7]. Some of the complications that 
occur during reoperation may be related to the technical 
difficulties of excising the dysfunctional valve in the 
presence of severe scar tissue and calcification around the 
annulus. In an effort to minimize the occurrence of 
complications, my colleagues and I have developed a new 
porcine bioprosthesis with a detachable sewing ring that 
facilitates both insertion and removal. 


Material and Methods 


During the last several years, efforts have been made to 
maximize the inner diameter to outer diameter ratio of the 
porcine bioprosthesis by selecting stronger and thinner 
materials. We use flexible Elgiloy covered with a thin 
tubular Dacron polyester cloth for the stent. The overall 
thickness of the finished stent wall is under 0.5 mm. By 
reducing the stent wall thickness, a tissue valve one or 
two sizes larger can be mounted in the same size stent. A 
Delrin threaded locking mechanism molded to the Dacron 
cloth permits rapid attachment and detachment of the two 
components. The bioprosthesis is a low-pressure glutaral- 
dehyde-fixed porcine aortic valve. The commissural angle 
of porcine aort:c valves varies from valve to valve. Be- 
cause of this, care is taken to match the right stent to the 
porcine valve tissue. A mismatch of the two components 
can lead to excessive stress on the tissue and valve failure. 
The bioprosthesis sewing cuff is stored dry in a separate 
sterile container, so it can be sutured in place while the 
porcine valve is rinsed. This design simplifies the suturing 
of the sewing ring, eliminates the possibility of suture 
entanglement around the stent posts, allows full visual- 
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ization of the sewing ring sutures, and prevents drying of 
the valve tissue during implantation. 

The valve was implanted in 30 animals (calf, goat, and 
sheep) at five institutions for periods up to 12 months. In 
addition, between March 1984 and June 1986 approxi- 
mately 250 valves were implanted in patients at nine 
clinical centers under an Investigational Device Exemp- 
tion from the Food and Drug Administration. The heart 
was approached using medial sternotomy, and the sew- 
ing ring was sutured into either the aortic or mitral 
position using continuous or interrupted sutures. The 
valve component was rinsed for the required ten minutes, 
while the sewing cuff was being sutured in place. The 
valve was attached to the sewing ring by a special holder. 


Results 


No obstacles or surgical complications were encountered 
during the implantation of the bioprosthesis in the animal 
laboratory or during the clinical study. The valve’s locking 
mechanism worked well in all the aortic implants. In the 
mitral valve implants, rotation of the valve into the 
sewing ring is accomplished when the valve component is 
in the same plane as the sewing ring. Best results were 
obtained when the sewing ring was maintained a few 
inches away from the mitral annulus while traction was 
placed on all the sutures [7]. The valve can then be easily 
seated into the ring. Clinical evaluation of the patients at 
the completion of the study showed excellent improve- 
ments, and most patients resumed normal activities. 
Postoperative valve gradients and calculated valve orifice 
area compared favorably with those achieved with other 
bioprostheses. i 


Comment 


The main objective of the study was to develop a biopros- 
thesis with a detachable sewing ring, which would facil- 
itate insertion and removal (Figs 1, 2). Another important 
consideration of the design was accomplishing this objec- 
tive without compromising the effective orifice area or the 
safety of the device. Improvements in valve design have 
lessened but not eliminated the incidence of primary 
prosthetic valve failure. This fact is especially true in the 
case of bioprostheses, which appear to have a shorter life 
span. Although the proper selection of patients and 
improved myocardial preservation have reduced the risk 
of operative repair of prosthetic valve failure, excision of 
prosthetic valves can cause trauma to the surrounding 
periannular structures, which can result in bleeding or 
even lacerations of the heart with increasing morbidity 
and mortality. l 

A detachable bioprosthesis that can be replaced quickly 
without disturbance to the sewing ring and valve annulus 
is a major advantage. To achieve this, a tool was designed 
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Fig 1. Valve stent and detachable sewing ring. 


to facilitate the removal of the stented valve from the 
sewing ring without applying pressure to the annulus- 
tissue interface. A prototype was tested in the laboratory, 
and the valve was successfully removed in some animals. 
In other cases, however, fibrous tissue bridging the stent 
to the sewing ring in the ventricular side for the mitral 
valve was too strong for safe removal. Due to this diffi- 
culty, we modified the interface between the sewing ring 
and the stent. The Delrin threads were eliminated. The 
stented valve simply slides into a smooth metal ring and 





Fig 2. Assembled valve stent and detachable sewing ring. 
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is sutured in place through three pairs of corresponding 
slots in the stent and sewing ring. Valve removal is 
accomplished with specially designed blades. 

This new design was tested in several animals at the 
National Institutes of Health. The bioprosthesis was easily 
replaced 4 to 5 months after the operation without dis- 
turbing the well-healed sewing ring. Cardiac catheteriza- 
tion of the animals intraoperatively and 4 to 5 months 
postoperatively revealed pressure gradients favorably 
comparable with those of other clinically available bio- 
prostheses studied at our institution. We conclude that 
this valve design offers a simple procedure free from 
surgical complications. 

In summary, further improvements in prosthetic heart 
valve development are contingent on the availability of 
newer and better materials or on improvements in exist- 
ing materials. We can utilize available materials more 
effectively to produce devices that are more efficient in 
performance, blood compatibility. and durability. The 
new bioprosthetic heart valve described here, with its 
detachable sewing ring facilitating both insertion and 
removal without compromising valve safety or hemody- 
namic performance, is one example of how heart valve 
technology can be improved. 
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Heart Valves: Ten Commandments and 


Still Counting 


Dwight Emary Harken, MD 


Harvard Medical School, Boston, Massachusetts 


The ceremonial occasions of life have been so endlessly 
repeated that the wiser the observation they invoke the more 
time worn they are. 

Vermont Royster 


oitis with prosthetic heart valves. We know where we 

want to go, but it appears to be nearly impossible to 

get there from here. In the 1950s I defined Ten Command- 

ments for the prosthetic valve, still often quoted but not 
met. : 


m 


. It must not propagate emboli. 
2. It must be chemically inert and not damage blood 
elements. 
3. It must offer no resistance to physiological flows. 
4. It must close promptly (less than 0.05 second). 
5. It must remain closed during the appropriate phase of 
the cardiac cycle. 
6. It must have lasting physical and geometric features. 
7. It must be inserted in a physiological site (generally 
the normal anatomical site). 
8. It must be capable of permanent fixation. 
9. It must not annoy the patient. 
10. It must be technically practical to insert. 


Historical Perspective 


In the 1950s, my colleagues and I had found some 
diseased valves that were impossible to repair. When 
debriding calcific aortic stenosis, we often debrided to no 
valve. Such crises caused us to work feverishly in the 
laboratory, where none of our animals survived aortic 
valve replacement with a prosthesis. 

Hufnagel’s chambered-ball valve in the descending 
aorta showed us several things: durability, acceptable 
sound level with silicone balls, and possibly (erroneously) 
acceptable thrombogenicity. However, physiologically 
the valve had to be beneath the coronary ostia where we 
thought a caged-ball valve could be implanted. Much 
work followed to determine the ball to base orifice ratio: if 
the height of the cage was too tall, there was too much 
regurgitation in closing; if the cage was too short, the 
valve was obstructive. Hufnagel gave us the silicone balls. 
. The work also focused on pulse duplicators (a great 
assemblage of artifacts). Some accelerated wear studies 
were a further source of misinformation. We built a 
caged-ball valve that seemed reasonable. We feared that if 
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the valve tilted, contact with the aortic wall might inter- 
fere with poppet movement, so we installed an outer 
cage. Starr showed this to be unnecessary. 

Clinically we had extensive exposure to a malignant 
syndrome of aortic valve disease, ie, angina, syncope, and 
congestive heart failure unresponsive to medical treat- 
ment. We collected 87 such patients between 1950 and 
1960. Seventy-seven were dead within 7 months. We did 
not have to have a perfect valve; we just had to have a 
good one. 

Ata hearing in Washington, DC, I was asked, “What is 
a safe device?” I answered, “A device is safe when it is 
safer than the condition it corrects.” To that Dr Arthur 
Beall added, “And is the best available.” These two 
responses are widely quoted as the definition of a safe 
device: “A device is safe when it is safer than the 
condition it corrects and is the best available.” 

Extensive experience (some of it quite unhappy) with 
open debridement and open valvoplasty taught us how to 
approach and implant prostheses. There were 2 survivors 
among the first 7 patients, 1 of whom had operation on 
March 10, 1960, and the other, June 6, 1960. Both have 
undergone valve replacement, 1 at 3 years for paravalvu- 
lar leak and 1 at 22 years for bacterial endocarditis, and 
both are alive today. 

The ball valve has been far less satisfactory in the mitral 
position. The ball, though isobaric with blood, still has 
inertia, and with low atrial opening pressures, inertia 
becomes important. Ball valves occupy considerable space 
and reduce stroke volume and cardiac output. In small 
ventricles, ball valves can obstruct the outflow tract and 
even produce arrhythmias and damage by impinging on 
the septum. 


National Implant Registry 


This is all history, but it does bring up the National 
Implant Registry. Like so many of you, I had reservations 
about having the problems with our device aired. How- 
ever, that is what we must have. In fact, be the implant a 
valve, pacemaker, artificial joint, or whatever, it is whole- 
some to have a wide survey service. I find it impossible to 
personally cover the entire professional literature. The 
media broadsides often cause inappropriate alarm. Many 
of our patients with a pacemaker or valve have been 
frightened by nonspecific press releases. The National 
Implant Registry offers appropriate specificity and relief to 
the majority. 

In short, I think we need more critical assessment of 
malfunction, and will cite one example of why I believe 
this. A 62-year-old housewife had a Harken low-profile 


Ann Thorac Surg 1989;48:S18-9 + 0003-4975/89/$3.50 


Ann Thorac Surg 
1989;48:S18-9 


mitral prosthesis placed in 1969. I had taken the dimen- 
sions of Bud Kay's Kay-Suzuki valve, which offered 
superb hemodynamics but had been known to cock. I 
copied his specifications, but rounded the silicone poppet 
edge for longer wear and impregnated the silicone with 
barium for wear evaluation by cinefluoroscopy. A wear 
study embraces a cinefluoroscopy in precise silhouette; 
flattening of the round atrial poppet edge indicates wear. 
The wear study in October 1988 showed no change during 
the past year. A month later, the poppet escaped. In an 
emergency operation in November, Dr Peter Marquis 
Sied| of Fort Myers retrieved the poppet and replaced the 
prosthesis with a St. Jude valve. Thanks to his genius, the 
patient is alive and well. We must have more sensitive 
signals for replacement. The studies of Matloff and Chaux 
have suggested that; the National Implant Registry has 
warned us. 


Anticoagulation 


Finally, I must discuss a blinding glimpse of the obvious. 
We heart surgeons as no other group are creating a crisis 
in anticoagulation. Safe anticoagulation is difficult if not 
impossible. The way it is conducted worldwide leaves 
much to be desired. The way we allow our patients to be 
managed on anticoagulation is alarming. The number of 
patients who assume that “I will be notified if the level of 
anticoagulation is not right” is appalling. Frequently, 
patients are not notified. Physicians go on holiday, and 
secretaries do not always transmit the laboratory reports. 
Reporting systems are not standard. Many patients have 
no idea of their prothrombin level or what that means. 

I urge the adoption of a national program, the points of 
which are as follows: 


1. Educate patients about the use of warfarin sodium just 
as diabetics are educated about diet and insulin. Anti- 
coagulants are just as important and are easier to 
understand. 

2. Prescribe Coumadin (crystalline warfarin sodium) only 
in 5-mg tablets. Regulation in multiples or fractions is 
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safer than regulation by the many available pastel 
shades and sizes. Patients know how many tablets 
they take, not how many milligrams. This is especially 
important when patients change geographical areas or 
physicians. 

3. Instruct all laboratories to give the prothrombin time 
results to the patients as well as to the physician, and 
to give this time in seconds (not percentages or ratios). 

4. Strive for a prothrombin time, in seconds, 1.5 times the 
contro]. One and one-half times the control is easy to 
understand and has high and low safety margins. We 
formerly recommended two times the control or a little 
less. That made it too easy to drift dangerously up- 
ward. We are now assured by the anticoagulant oracles 
that a little less than 1.5 times the control is safe. It is 
not. It is too close to the dangerously low level. Strive 
for 1.5 times the control, and let the patients know it. 
Tell patients that if they drift more than 3 seconds 
higher or lower than this, they should call their doctor 
or their anticoagulation center. 

5. Have all patients on a regimen of anticoagulants have 
a prothrombin time determination at least once a 
month and more often if it is unstable. 

6. If anticoagulants must be electively reversed, taper 
them; in an emergency, use fresh frozen plasma, not 
vitamin K. As reversal is often associated with dental 
work, remember that a simple extraction does not 
necessarily require reversal but it does require antibi- 
otic coverage when there are cardiovascular indications 
for anticoagulation. Stress this to patients. 


Conclusion 


I have defined the goals and described the start up that 
rocky road. I have saluted the National Implant Registry 
and stressed the need to be alert to the modes of valve 
malfunction. I have pled the cause of safer anticoagula- 
tion. We have worshipped at the shrine of the Ten 
Commandments for the prosthetic valve, but we are still 
counting. We are still sinners. 


Where Is the Ideal Heart Valve Substitute? What 
Has Frustrated Its Realization? 


Julio C. Davila, MD 


Laboratory and clinical experience in cardiac valve oper- 
ations and use of imperfect but serviceable valve substi- 
tutes over the past four decades have framed the general 
specifications for an ideal heart valve substitute. ‘This 
report covers four major aspects of prosthesis character- 
istics. (1) Implantability: Essentially stable, viable tissue- 
to-prosthesis linkage is achievable with a porous fixation 
element. (2) Hemodynamics: Minimal resistance and 
efficient opening and closing are best attained with 
bioprostheses and homografts. (3) Thromboembolism: 
Thromboembolism is a persistent problem with mechan- 


he two questions posed in the title demand a third: 
a. what are the characteristics of, or the specifications 
for, the ideal heart valve substitute {1, 2]? I believe that in 
the past 41 years of valve surgery we have learned enough 
to answer the latter, but we have yet to meet those 
specifications. The compromises that have been made— 
imposed by limited knowledge, limited technology, 
hunch, or intuition—have, nevertheless, made possible 
the fabrication of serviceable valve substitutes with which 
many important lessons have been learned. I shall com- 
ment, all too briefly, on four topics that contain most of 
those lessons and encompass the determinants of the 
necessary specifications. 


Implantability 


Any device, to be acceptable, must be safely, easily, and 
securely implantable. The third requirement implies sur- 
gical attachment and permanent acceptance by the host 
tissues: a stable tissue to prosthesis linkage [3-6]. 

Four well-known methods have been used. (1) The first 
method is “multiple point fixation,” described by Hufna- 
gel and Harvey [7]. My colleagues and I [4] found a 
variation of this approach useful, using a mitral purse- 
string suture, to implant monocusp and caged-ball mitral 
valves in calves without cardiopulmonary bypass. (2) The 
second method is the ingenious “mechanical fixation” 
method of Magevern and associates [8]. Access to the 
valves and adequate time provided by modern cardiopul- 
monary bypass and myocardial protection make both of 
these techniques unneccessary. (3) The- third method is 
direct suture of the implant to the host tissues; the use of 
free homografts by Ross [9] and Barratt-Boyes [10] is its 
most notable application. Although healing is not ideal 
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ical valves. It is minimized by biological valves and 
abolished, experimentally, by appropriately encapsu- 
lated implants. (4) Durability: Mechanical valves are 
best. Tanned bioprostheses undergo “spontaneous de- 
generation”; untanned homografts are ‘a little better. 
Knowledge and technology are needed’ to develop a 
synthetic leaflet membrane that possesses inherent phys- 
ical, visco-elastic-rheologic properties of natural valve 
leaflets and is compatible with natural healing processes. 


(Ann Thorac Surg 1989;48:520-3) 


(the graft tissues are never infiltrated by scar) the implant 
does become well-encapsulated. Direct suture is unsatis- 
factory for solid materials without an intervening porous 
element. (4) A porous fabric ring as the attachment 
elernent for solid and rigid ball valves was introduced by 
Harken and associates [11] and Starr and Edwards [12]. It 
is used, with minor modifications, in all modern mechan- 
ical and biological prostheses. It is compatible with the 
natural healing process and successful in achieving a good 
tissue to prosthesis linkage. An improvement could be 
gained if the entire stent or ring were constructed of felt 
(made of Dacron, Teflon, polypropylene, or graphite 
fibers of approximately 50 am thickness, a random struc- 
ture of individual fine fibers with excellent porosity, and a 
surrogate stroma), which encourages the nearly ideal 
“capture” of the implant in healthy scar tissue [3, 4, 13]. 

Several successful suturing techniques are in use. Í 
prefer a figure-of-8 stitch, originally used in an experi- 
mental valve ring made of Dacron felt and having a V 
cross-section [14]. I have used the same suture in various 
mechanical and biological prostheses having a Starr-style 
sewing ring with excellent results over the past 20 years. 


Hemodynamics 


The device we seek must be a unidirectional valve that, 
within a physiological flow range, offers minimal opening 
resistance as well as negligible impedance and generates 
only minor, if any, turbulence. It should close without 
measurable regurgitation [1, 2, 15]. Experience since the 
introduction of the Harken [11] and Starr- Edwards [12] 
valves, 28 years ago, has confirmed that all valves having 
a central occluder (bali, disk, lentil, or conical in shape) 
impose higher than desired opening resistance and high 
impedance to flow, close with minor regurgitation, and 
generate chaotic turbulence [4, 16]. The tilting-disc valves, 
whether single-leaflet [17, 18] or double-leaflet [19], offer 
much improved hemodynamics, but turbulence is still a 
factor and the built-in regurgitation may be undesirable. 
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The free homografts in the aortic position and the bio- 
prostheses as mitral, aortic, or tricuspid valve replace- 
ments provide the closest approximation to natural hemo- 
dynamics that has been attained. The former are 
sometimes associated with regurgitation. The latter occa- 
sionally impose substantial resistance in cases of a narrow 
aortic root, due to the bulk of the stent. 


Thromboembolism 


This has been-an obvious and difficult problem associated 
with implants in the cardiovascular system [4]. All me- 
chanical valves demand systemic anticoagulation, with its 
attendant complications. Despite the use of such drugs, 
there is still an important incidence of fatal or disabling 
thromboembolism. 

In mechanical valves, the preeminent cause of throm- 
boembolism is the propagation of clot at the interface 
between tissue and nonporous (metal or plastic) elements 
of the device that are in direct contact with host tissues (3, 
4, 13]. We were able to eliminate thromboembolism with 


experimental valves in which all elements to be in contact | 


with tissues were made porous and susceptible to com- 
plete coverage (encapsulation) by scar tissue. In a final 
valve model, the occluder was made to be freely sus- 
pended within the orifice of the valve ring [14, 23]. This 
valve has other problems, notably hemolysis and a central 
occluder, but it demonstrated that thromboembolism can 
be controlled by valve design. © 

Use of free homografts [9, 10] has probably brought 
these complications to an irreducible minimum; the bio- 
prostheses have had a similar effect [24, 25]. Both have 
permitted the elimination of anticoagulation in most 
cases. Both have demonstrated that despite a highly 
thrombogenic surface, bare collagen exposed directly to 
blood, massive thrombosis does not occur and embolism 
is rare. Probably most of those few embolic episodes that 
do occur are not valve-related. In the implanted biopros- 
theses, healing around the stent is free of the unstable, 
thrombus-susceptible interface noted for mechanical 
valves. An edge, or margin, of the cicatricial capsule 
extends onto the basal surfaces of the implant (aortic wall 
and base of leaflets), adhering well to the rough, bare 
collagen face (analogous to the gingival or paronychial 
margins) and thus remaining free of propagating clot. The 
absence of thrombus on the exposed collagen surfaces of 
the middle and distal parts of the leaflets is probably the 
result of their constant motion which makes them self- 
cleaning, as in the case of freely moving (unattached) 
mechanical occluders. 


Durability 


Perhaps the major improvement in the mechanical valves 
in the last 15 years has been the virtual elimination of 
wear in the most vulnerable part, the occluder. Introduc- 
tion of Pyrolite for fabrication of the tilting-disc valves [17, 
18] seems to have solved this problem. Fatigue of slender 
metal parts is probably insignificant; occasional fractures 
are most likely the result of random flaws associated with 
fabrication. Even the silicone elastomer balls of the Starr- 
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Edwards [12] and Smeloff [26] valves have exhibited good 
durability. One specimen of my valve [14], explanted after 
13 years, showed negligible wear of the self-suspended 
polypropylene occluder. 

Various types of artificial valves made with pliable 
leaflets (fabrics or elastomers) have failed due to stiffening 
by scar infiltration (fabrics) and fatigue-fracture or rup- 
ture. The “fine leather” of the bioprosthetic leaflets has 
been remarkably more durable than synthetic leaflets, 
despite potential biodegradability. This is probably due to 


the structural/architectural features of the natural leaflets 


[3, 4, 27]; their viscoelastic characteristics; the distribution 
and order of loose connective tissue, elastin and collagen 
fibers, and bundles; and the three-layer construction and 
geometry. 

The living leaflets stretch, contract, vibrate, flex, and 
wrinkle [28, 29], all highly traumatic mechanisms. The 
three-layer architecture suggests that the membranous 
leaflet is protected from flexion-fatigue by the ability of 
the outer layers to glide upon the intervening spongy 
layer, thus relieving the effect of compression forces on 
the concave side (elastic layer, elastin) and tensile forces 


_ on the convex side (holding layer, collagen) of flexing 


leaflet segments. The bundles and fibers of collagen and 
elastin, within their respective layers, also glide upon 
each other. The best features of each material are applied 
to good advantage: collagen for tensile strength, elastin 
for flexion and deformation, and the spongy connective 
tissue as a quasifluid medium that permits the necessary 
movement of all elements within the leaflet body. 

After tanning, the porcine bioprostheses exhibit some 
loss of pliability or flexibility, but retain excellent tensile 
strength. This suggests that the cross-linking of collagen 
fibers stiffens the bundles and reduces the possibility of 
gliding movement of fibers upon themselves, within each 
bundle. Changes in the spongy layer (possibly protein 
denaturation) may also impair that unique “rheologic’’ 
property of the intact leaflet. The elastic layer seems to 
remain, at least morphologically, quite stable over time. 
The early change of spontaneous valve degeneration [30] 
is random and spotty degradation of collagen. Is this due 
to stress and strain? Is it primarily the result of extrinsic 
biochemical attack? Or, is it simply the progressive loss of 
integrity due to aging of the collagen fibers? The mecha- 
nisms and rates of deterioration and of renewal of the 
various elements of the leaflet’s structure (their half-life 
during the individual’s lifetime) are unknown. The un- 
tanned, free homografts seem to have a bit better dura- 
bility than the tanned porcine valves. Without evidence of 
inflammatory or immune phenomena in the latter, do the 
former wear better because the visco-elastic-rheologic 
properties are less altered? 


Conclusions 


The lessons and experiences of the past four decades of 
valve surgery, some of which have been briefly and 
incompletely touched upon in this report, lead to some 
plausible conclusions. ` 


1. We have learned to surgically implant heart valves 
safely and securely, attaining a very satisfactory tissue 
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to prothesis linkage with appropriate porous fixation 
rings. 

2. Hemodynamically, the tilting-disc valves are adequate, 
but the biological valves are best. 

3. The hazards of thromboembolism and of anticoagula- 
tion have been greatly diminished by the use of ho- 


mografts or bioprostheses. The problems persist with ' 


all mechanical valves in current clinical use. Experi- 
mentally, it is possible to abolish this complication with 
a prosthesis that meets certain design criteria. 


4. The durability of modern mechanical valves is excel- 


lent, but their thrombogenicity and anticoagulant de- 
pendency condemn the recipient to the hazards of 
embolism and hemorrhage for life. The performance of 
the biological valves has been excellent except for 
durability. In adults, re-replacement at 10- or 15-year 
intervals remains an option, but not a very attractive 
one. I doubt that a valve graft can be treated to last as 
long as desired (eg, 20 or 30 years). This would entail 
an implant that would retain intact its natural mechan- 
ical, rheological, physicochemical, and regenerative 
properties. 

5. What has been accomplished has, by necessity, relied 
on limited understanding of the processes of tissue 
healing and a lack of means to manipulate them. The 
devices that have been fabricated to date have de- 
pended on available materials; materials developed for 
other, usually nonbiological purposes. Someone once 
said, in the early years of artificial heart valve research, 
that we had been making heart valves out of neckties. 
This, unfortunately, is still the case. But we are about 
to run out of neckties. I believe that without the 
development of new materials specifically designed to 
satisfy the specifications alluded to above—a very 
costly undertaking—we shall not see much more than 
minor refinements in existing mechanical prostheses. 

6. We are also running out of basic scientific knowledge. 
Most of the advances in valve substitutes of the past 15 
or 20 years have made'use of information that was 
already available 20 or more years ago. These have 
been years of intensive application and not of much 
discovery. 


The realization of a near-ideal heart valve prosthesis, 
acceptable small-caliber artificial blood vessels, a reliable 
artificial heart—among other items that interest the car- 
diac surgeon—depends on new knowledge and new 
materials. The specific need for the valve is a composite, 
synthetic leaflet (membrane, gel, fiber) that meets the 
specifications dictated by the natural valve leaflets them- 
selves and by the phenomena of tissue healing. 
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Early Years in Artificial Valve Development 


Earle B. Kay, MD, MS(Surg), DSc(Honorary) 


Department of Cardiovascular Surgery, St. Vincent Charity Hospital, Cleveland, Ohio 


Various types of prosthetic heart valves developed and 
tested in the laboratory beginning in 1958 are described. 
Seven of such valves were implanted clinically in pa- 
tients with congestive heart failure previously operated 
on by both the closed and open techniques in 1958 and 
1959. The longest survivor was 6 weeks. Evidence is 


iB the field of valve surgery, it soon became apparent 
that a number of valves were in such bad condition, 
nothing but total replacement would suffice to provide 
correction. Research on prosthetic valve replacement be- 
gan in 1958. During the subsequent 8 months, four mitral 
and three aortic valve replacements were done. The 4 
patients undergoing mitral valve replacement had previ- 
ously been operated on by both open and closed tech- 
niques. This experience and its problems were presented 
in June 1959 to the American College of Surgeons in 
Philadelphia and to the American College of Chest Phy- 
sicians in Atlantic City. 


First Artificial Valve Designs 


The mitral valves consisted of Teflon fabric leaflets with a 
film of polyurethane and artificial chordae tendineae. The 
chordae were atiached to the papillary muscles or were 
passed through them and fastened to the outer myocar- 
dium over Teflon pledgets. All plastics employed during 
the research developed fibrinous membranes of varying 


thicknesses. This problem was largely eliminated by giv- ` 


ing the fabric a film of 15% polyurethane dissolved in 
tetrahydrofuran. 

In the design in which the artificial chordae tendineae, 
made of threads of Teflon, were sewn to the papillary 
muscles, it was difficult to obtain the proper tension for 
leaflet coaptation. One patient lived for 2 weeks; at 
autopsy, the valve was in satisfactory condition. In 2 
patients, the chordae tendineae were fashioned from 
cords of Teflon fakric passed through the papillary mus- 
cles and myocardium. After the heart was restarted, a 
finger inserted in the left atrium determined the tension 
needed on the chordae tendineae for leaflet coaptation. 
One patient with severe congestive heart failure under- 
went operation on May 4, 1959, and lived for 6 weeks. At 
autopsy, the valve appeared to be in satisfactory condi- 
tion. 

The 3 patients undergoing aortic valve replacement 
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presented demonstrating that putting a film of polyure- 
thane on the Teflon leaflet valve and fixation rings of disc 
valves reduces thrombosis, thromboembolism, and tis- 
sue overgrowth interfering with disc or ball valve func- 
tion. 

(Ann Thorac Surg 1989;48:S24_5) 


received a trileaflet Teflon valve that had a polyurethane 
film and was encased in a Teflon cylinder with coronary 
artery extensions for coronary artery transplantation. 
Cuffs of aortic wall were excised from the coronary ostia, 
to which the artificial coronary arteries were anastomosed 
while the patient was cannulated and perfused. The 
artificial valve was then sutured to the proximal and distal 
ends of the aorta. There were no long-term survivors. At 
autopsy, the coronary ostia were patent. 


Subsequent Mitral Valve Prostheses 


The subsequent mitral valve design consisted of a 
trileaflet Teflon valve with a polyurethane film that was 
inserted between solid Teflon fixation rings with semi- 
lunar extensions for commissural attachments. This 
model was used in 2 patients. One lived for 3 months and 
the second, 9 months. 

The Starr valve was used for the next several years. My 
colleagues and I were disappointed in the outcome when 
it was placed in patients with small ventricular chambers 
because autopsy specimens revealed both inflow and 
outflow obstruction. To overcome this, we developed in 
1963 a low-profile disc valve with a large fulcrum area (Fig 
1). This valve was used in both the mitral and the aortic 
position between 1964 and 1974 (Fig 2). 

Beginning in 1962, research and clinical trials involving 
aortic heterograft valves for use in the mitral position 
were conducted. Through a left atriotomy, the mitral 
valve of a dog was excised leaving a 3-mm cuff of leaflet 
tissue at the annulus to which the distal segment of the 
aortic valve graft was sutured; care was taken to position 
the commissures at appropriate sites. The proximal edge 
of the aortic valve was then sutured to the atrial wall. 

In 20 patients with small ventricular chambers, aortic 
valve heterografts were placed in the mitral position. © 
There were 6 operative deaths. The survivors experienced 
increasing regurgitation from leaflet fragmentation within 
3 to 25 months, which resulted in death or replacement 
with a Kay-Suzuki valve. 


Subsequent Aortic Valve Prostheses 


Various aortic prostheses were developed between 1960 
and 1962. Our first successful aortic valve replacement 
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Fig 1. Kay-Suzuki disc valve with larger fulcrum area. (Reprinted by 
permission from Kay EB, Suzuki A, Demaney M, Zimmerman HA. 
Comparison of ball and disc valves for mitral valve replacement. Am ] 
Cardiol 1966;18:504-14.) 


with a Teflon-leaflet valve was performed in April 1960. 
Aortic regurgitation developed in 3 of 55 patients within 
15 months postoperatively with this type of valve because 
of partial detachment of the commissures from the aortic 
wall. 

To maintain commissural attachments, excess Teflon 
fabric at the edges of the leaflets was stretched into 2-mm 
cords 7.5 cm in length. These were passed through the 





Fig 2. Kay-Suzuki dise valve. (Reprinted by permission from Kay EB, 
Suzuki A, Demaney M, Zimmerman HA. Comparison of ball and 
disc valves for mitral valve replacement. Am | Cardiol 1966;18:504— 
14.) 
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aortic wall at the commissures. With the aortic root 
calibrator expanded, adjacent cords were tied in a circum- 
ferential manner about the aorta. Between 1961 and 1963, 
130 patients were operated on with this technique. Anti- 
coagulation was not employed, and there were no in- 
stances of thromboembolism. Though a number of pa- 
tients enjoyed good health for up to 14 years, after a 
period of 3 to 5 years, the majority showed evidence of 
regurgitation caused by tears in the Teflon fabric. At 
reoperation, no substantial fibrous tissue overgrowth or 
thrombus was noted. 


Thrombosis and Fibrous Dysfunction 


Teflon-leaflet valves removed 10 or more years postoper- 
atively were subjected to metallography with a micro- 
scope to determine the late status of the polyurethane- 
filmed Teflon trileaflet valves. The intact polyurethane 
film measured 0.4 mm in thickness and extended 0.06 mm 
into the interstices of the fabric. 

Because we believed that polyurethane filming pro- 
tected against fibrous proliferation and thrombus, sec- 
tions of metal-fabric fixation rings were sutured into 
incisions made in the right atrial appendage of the dog. 
Those sections with a film of polyurethane showed no 
major fibrous tissue proliferation or clot, but specimens 
without a film demonstrated various degrees of prolifer- 
ation. 

Thrombosis, thromboembolism, and valve dysfunction 
from tissue overgrowth beginning at the fixation ring 
continue to cause concern. Providing the fixation rings 
with a film of polyurethane appears to reduce the ten- 
dency for these problems to develop. 
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A Compression-Molded Leaflet Prosthetic Valve 


Benson B. Roe, MD 


University of California, San Francisco, California 


ile the early quest for a suitable replacement device for 
the aortic valve, an attempt was made to mimic the 
central flow virtues of the normal anatomical valve. David 
Moore of the Research and Development Laboratory at 
the University of California, San Francisco, developed 
precision-machined steel molds for pressure injection of 
various extrudable materials. The molds were designed to 
distribute stress equally to provide uniform and equal 
leaflet thickness with sufficient flexibility to collapse with 
minimal forward thrust and enough tensile strength to 
resist physiological retrograde pressures. Apposition be- 
tween cusps was deliberately limited to the leading edge 
to prevent curling. The performance of each model was 
studied in a pulse duplicator to verify competence and 
opening excursion and to correct imperfections in mold 
configuration (Fig 1). 

A lengthy quest for a suitable material encompassed 
trials with Ivalon sponge, various synthetic rubbers, poly- 
vinyl chloride, and ultimately a series of polymers (sili- 
cone rubber). Even at that time (1953) these compounds 
were available in numerous formulations, each of which 


Fig 2. Historical series of experimen- 
tal and clinical leaflet valves, all of 
which were products of compression 
molding. Various materials and con- 
figurations to facilitate implantation 
are demonstrated. 
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Fig 1. Distal view of the leaflet prosthesis in a pulse duplicator, dem- 
onstrating leaflet excursion and equality. 
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Fig 3. Explanted valve from a patient who died from a ruptured 
Berry aneurysm 6 years 10 months after implantation. A small 
thrombotic deposit is seen in one cusp and a 1-mm tear ts present at 
one commissural attachment. Flexibility characteristics were unaltered. 


could have its physical characteristics (tensile strength, 
elasticity, shear resistance, and ductility) manipulated by 
(1) molding pressure, (2) molding temperature, (3) curing 
duration, and (4) curing temperature. These numerous 
variables presented an almost infinite option potential, 
which we were able to explore only superficially. On the 
basis of catalogued information and some trial-and-error 
testing, we selected a General Electric elastomer for its 
tensile and ductal characteristics. 

Animal testing began in 1954 with the three-cusp valve 
mounted in cylinders (Fig 2) that would maintain axial 
alignment in the aorta. These flexible models were folded 
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and inserted through a descending aortotomy without 
benefit of circulatory arrest or cardiopulmonary bypass. 
The prosthesis was manipulated proximally to the ascend- 
ing aorta, where it unfolded and was secured by sutures 
through the aortic wall. Thus durability and thrombogen- 
icity was tested. Dogs survived with valves in this posi- 
tion for over a year without anticoagulation, although 
thromboembolic complications were frequent. 

Subcoronary implantation became feasible with the 
advent of cardiopulmonary bypass, and castings were 
redesigned to provide suitable prosthetic configurations. 
Functional evaluation in this normal position provided 
sufficient information to support clinical trials. 

The first human implantation was performed in July 
1960, and a second one five days later. The first patient 
had valve dehiscence and died on the ninth postoperative 
day, but the second patient survived for 13 years. This 
experience led to improvements in the fixation material. 
Eight additional patients received valve prostheses: 2 died 
at operation, 4 died of late thromboembolic complications 
(because none were anticoagulated), and 2 were lost to 
follow-up. One long-term survivor, who died of a rup- 
tured Berry aneurysm, provided an opportunity for reex- 
amination of the valve after 6 years and 10 months of 
satisfactory function, radiographically proven compe- 
tence, and complete symptomatic relief (Fig 3). Regretta- 
bly, the valve was not recovered from the patient who 
survived for 13 years. 

This project was abandoned—perhaps prematurely— 
when manufacturing product control was not successfully 
solicited and Starr-Edwards valves became available. This 
potential compromise between mechanical and tissue 
prostheses, which has lain dormant for 28 years, perhaps 
deserves reconsideration in light of the greater potential 
of modern materials and engineering expertise. 





Development of a Carbon-Coated, Central-Hinging, 


Bileaflet Valve 


Vincent L. Gott, MD, Ronald L. Daggett, MSME, and William P. Young, MD 


Department of Surgery, The Johns Hopkins University School of Medicine. Baltimore, Maryland, and Department of Surgery, 


University of Wisconsin Medical School, Madison, Wisconsin 


Between April 1963 and January 1966, 86 patients at the 
University of Wisconsin Hospital underwent aortic or 
mitral valve replacement, or both, with a carbon-coated, 
central-hinging, bileaflet valve. A 25-year follow-up has 
been obtained on 43 of these patients discharged with an 
aortic prosthesis, 13 patients discharged with a mitral 
prosthesis, and 2 patients discharged with double pros- 
theses. The mean implantation time was 7.2 years, 9.0 
years, and 9.5 years, respectively. The longest aortic 
valve implantation time was 24.2 years in a patient who 
had her bileaflet valve prophylactically replaced, and the 


I" the early 1960s, the first prosthetic valves that were 
available for replacement of the mitral valve were fairly 
bulky caged devices containing either a ball or disc. The 
early Starr-Edwards ball valve was hemodynamically sat- 
isfactory for most patients with mitral stenosis, but we 
observed on occasion, in those patients with a normal- 
sized left ventricle, impingement on the septum by the 
cage with resulting ventricular irritability. We therefore 
considered a number of different new valve designs, 
principally of the leaflet type, to achieve a low profile 
contour. After experimenting with several prototype 
models of peripheral hinging leaflet valves, we settled on 
a valve with a Lexan (polycarbonate) housing and a 
central-hinging, composite leaflet of silicone rubber and 
Teflon fabric [1] (Fig 1). 


Development of the Carbon-Coated Housing 


Initially our bileaflet prosthesis was implanted in the 
mitral area of dogs, and we found that thrombus forma- 
tion occurred on the Lexan valve housing within a matter 
of hours. We then developed an inferior vena cava ring 
screening test [2], and evaluated a number of different 
polymers, finding that virtually all of these rings throm- 
bosed within two hours in the canine vena cava. Knowing 
from the work of Sawyer and Pate [3] that the lining of a 
blood vessel appeared to have a negative charge, we 
attempted to construct a valve with a conductive surface 
that could carry a negative battery charge. This concept 
was tested by dip-coating vena cava rings in a conductive 
paint of colloidal graphite and connecting the negative 
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longest mitral implantation time is 24 years in a patient 
who is doing well with her original prosthesis. We are 
not aware of any patient among the approximately 700 
receiving this valve around the world who has developed 
fatigue-failure of the silicone-impregnated Teflon fabric 
leaflet. This valve has demonstrated unexpected durabil- 
ity and has provided some design and biomaterial con- 
cepts that are used in a number of current prosthetic 
valves. 


(Ann Thorac Surg 1989;48:S28-30) 


pole of a 9.4-V battery to the surface of the ring and the 
positive pole to the skin by means of an electrode. We 
found that the graphite- -coated rings with the negative 
charge remained open for at least 2 weeks; however, one 
day the wire from the battery broke and the results were 
just as good without the negative charge. It took us nearly 
a vear to determine that this exceptional thromboresis- 
tance was secondary to the fortuitous bonding of heparin 
to the graphite surface. We were using benzalkonium 
chloride to sterilize the graphite rings and were rinsing all 
of the rings in heparin before implantation. The relatively 
porous nature of the colloidal graphite coating was phys- 
ically bonding the benzalkonium chloride with its positive 
charge and this, in turn, was forming a gelatinous salt 
with the very negatively charged heparin [4]. 

The graphite-benzalkonium-heparin coating was then 
applied to the Lexan housing of our bileaflet valve. This 


GOTT- KALKE- 


DAGGETT | LILLEHEI 
1963 i 1968 





Fig 1. The evolution of central-hinging bileaflet valves. The Gott- 
Daggett valve with a graphite-benzalkonium-heparin coating was first 
implanted in 1963. The Kalke~Lilleher rigid bileaflet valve, made of 
titanium, was implanted in 1968, and the St. Jude valve, constructed 
entirely of Pyrolytic carbon, was first implanted in 1977. 
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resulted in excellent long-term function of the valve in the 
mitral area of dogs [5]. 


Clinical Results at the University of Wisconsiri 
With the Carbon-Coated Bileaflet Valve 


The first of these graphite-benzalkonium-heparin-coated 
prosthetic valves was implanted by Dr William P. Young 
at the University of Wisconsin on April 30, 1963, in the 
aortic area. Over the next 3 years a total of 86 patients had 
the bileaflet valve implanted in both the aortic and mitral 
areas. : : 

Our main concern at the time of implantation of this 
valve was related to the durability of the silicone- 
impregnated Teflon leaflet. There had been reports of 
deterioration of the silicone balls in Starr-Edwards valves, 
and we were hopeful that we could get 5 years of 
“flex-life’” out of our leaflets. It has been gratifying that 
some of these valves implanted at the University of 
Wisconsin and elsewhere around the world have been 
functioning well for over 24 years, and we are not aware 
of a single instance of failure of the silicone-coated Teflon 
leaflets secondary to material deterioration. With an aver- 
age of 40 million flexions a year, there could be well over 
1 billion flexions in some of these valves in position for 
more than 24 years. 

There have been a few reported instances of superstrut 
detachment with the loss of the leaflet. The superstrut 
fixation to the main valve housing was by means of a tiny 
polymer protrusion extending into the housing. It ap- 
peared that in some instances the application of the 
colloidal graphite solution with its solvents to the super- 
strut led to some weakening of this fixation site. 

From April 30, 1963, until January 13, 1966, there were 
46 patients discharged from the University of Wisconsin 
Hospital with an aortic bileaflet valve, 19 with a mitral 
bileaflet valve, and 2 with aortic and mitral bileaflet 
valves. Four of thé 46 patients with aortic bileaflet valves 
also had a mitral ball valve placed. Late follow-up in the 
67 patients was described in detail at an international 
prosthetic valve symposium in 1968 [6]. At that valve 
symposium we reportéd 16 late deaths (34.8%) in the 
aortic valve group, four late deaths (21.1%) in the mitral 
group, and no late deaths in the double-valve group. The 
causes of death in the aortic valve group included clotted 
leaflets (2), myocardial fibrosis (5), dislodged superstrut 
(3), bleeding (1), embolism (1), unexplained causes (2), 
and unrelated catises (3). Causes of death in the mitral 
group included clotted leaflets (3) and unexplained causes 
(1). 

Now, 25 years after the implantation of the bileaflet 
valve at the University of Wisconsin, we have been able to 
find late survival data on 43 of the 46 patients discharged 
with aortic valves, and 13 of the 19 patients discharged 
with mitral valves. The mean duration of aortic valve 
implantation in the 43 discharged patients was 7.2 years, 
with the longest aortic bileaflet valve in place for 24.2 
years (this patient received a Medtronic Hall aortic valve 
in July 1988). Another patient is alive and well at age 82, 
22.2 years after implantation of her bileaflet aortic valve. 
Twenty-three of the 43 patients with the bileaflet aortic 
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valve lived beyond 5 years (59%) and 13 lived beyond 10 
years (30.7%). Five of these 43 patients had successful 
replacement of their bileaflet valve implant with a newer 
type of aortic prosthesis after an average interval of 10.7 
years. E 

We obtained 25-year follow-up data on 13 of the 19 
patients who were discharged from the University of 
Wisconsin Hospital with the bileaflet mitral valve. The 
mean duration of implantation in these 13 patients has 
been 9 years, and the longest implantation is 24 years in 
an individual who is currently alive and well. Eight of 
these 13 patients with mitral valves were alive at 5 years 
(61.5%), and 5 were alive at 10 years (28.5%). Six of the 13 
patients that we have late data on had successful replace- 
ment of their bileaflet mitral valve with a newer mitral 
prosthesis after a mean interval of 12.7 years. Two pa- 
tients with aortic and mitral bileaflet valves survived fora 
mean interval of 9.5 years. 

The major problem with this valve was related to the 
fairly universal formation of the small amount of throm- 
bus on the superstrut. This should have been anticipated 
because of the stagnant area of blood flow in the central 
portion of the downstream side of the leaflet. Fortunately, 
however, the thrombus was usually so minimal that it did 
not interfere with the hemodynamic properties of the 
leaflets. 


Postscript 


Although this valve was used in only 86 patients at the 
University of Wisconsin bétween 1963 and 1966, and 
probably in fewer than 700 patients around the world, its 
design arid biomaterial concepts have contributed to some 
of the features in current prosthetic valves. 

The presence of thrombus in the leaflet-hinging area of 
our valve was eliminated with a giant step in bileaflet 
design that was incorporated in the Kalke—Lillehei valve 
[7]. This later valve, first constructed of stainless steel for 
animal implantation and then of titanium for its first and 
only clinical implantation in May 1968 at Cornell Medical 
Center by C. Walton Lillehei,. took advantage of the 
low-profile bileaflet concept but provided streamlined, 
nonstagnant central flow over both rigid léaflets (Fig 1). 

The graphite-benzalkonium-heparin coating attracted 
the attention of Dr Jack Bokros of Gulf General Atomic in 
1965. Bokros had developed a pyrolytic carbon material 
for the encapsulation of nuclear fuels, and contacted 
Vincent Gott in 1965 regarding the possibility of bonding 
heparin to his new material. Canine vena cava rings were 
constructed of the Bokros pyrolytic carbon, and it was 
subsequently determined that it was ineffective in bond- 
ing heparin because of its very dense, nonporous struc- 
ture; however, it turned out to be the most thromboresis- 
tant, rigid biomaterial that we had evaluated in our canine 
ring test [8]. In fact, we are not aware of any rigid 
biomaterial now, 23 years later, that has better thrombo- 
resistant properties. than pyrolytic carbon. 

Initially, pyrolytic carbon was used cautiously in the 
fabrication of ball and disc poppets to be placed in metallic 
valve housings. Then a major breakthrough occurred in 
1973, when Manual Villafana of St. Jude Medical adapted 


S30 GOTTETAL — 
CARBON-COATED BILEAFLET VALVE 


the Kalke-Lillehei titanium bileaflet valve configuration 
for the fabrication of a somewhat similar valve con- 
structed entirely of pyrolytic carbon [9] (Fig 1). The 
construction of this new St. Jude valve demonstrated that 
all components of a valve prosthesis could be fabricated of 
pyrolytic carbon. Since the introduction of the very suc- 
cessful St. Jude valve a decade ago, Bokros’ pyrolytic 
carbon has clearly established itself as the biomaterial of 
choice for all prosthetic valve construction. 
In summary, our carbon-coated, central-hinging, bi- 
leaflet valve, which was first implanted in 1963, has 
demonstrated unexpected durability 25 years later. Also, 
it has provided some design and biomaterial concepts that 
are used in a number of current prosthetic valves. 
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he activity of my associates and myself in the design- 
ing of heart valves in the early 1960s was based on 
the principle that turbulence and stasis were largely 
responsible for thromboembolic complications as seen 
with the autologous mitral valve deformed by rheumatic 
valvulitis. It was evident that these factors also affected 
the efficiency of flow and the gradients developed across 
valves. Early studies measured only forward flow and 
gradients, thus ignoring the profound effects of pulsatile 
flow on valve design. The efforts of our group focused on 
three aspects of research: anatomical, engineering, and 
animal laboratory studies [1]. These studies were fre- 
quently simultaneous, but all the evaluations have led to 
an outstanding record of durability for our finished pros- 
thesis. Early comparison of our design concepts with 
those of existing prostheses seemed sensible. 

Anatomical studies using Silastic (Dow Corning) casts 
of the mitral and aortic annulus area, the left ventricular 
chamber, and the aortic root with the coronary orifices 
defined limitations in valve design. The study of the 
tricuspid orifice and the crescentic right ventricle allowed 
us to design a special prosthesis for use in the first 
correction of Ebstein’s anomaly. Engineering principles 
[2] of valve design and flow through valves encompassed 
understanding of the “vena contracta” effect of sharp 
orifices restricting flow. The modification of the throat or 
orifice to minimize this effect also contributed to improved 
laminar flow eliminating eddies and turbulence. Overall 
size of the valve, particularly the ventricular portion, was 
pertinent to prevent the low output failure seen in the 
early Starr-Edwards valve. 

Pulsatile flow studies emphasized the importance of a 
secondary valve orifice as measured by the area of the 
frustum of the right circular cone from the center of the 
ball to the orifice. Decreasing this area meant restriction of 
flow through the orifice; increasing the area by lengthen- 
ing the cage resulted in increased regurgitation with 
decreased effective forward flow. The optimal ratio be- 
tween the frustum area and the orifice area was found to 
be 1.0. A pulse duplicator was designed and constructed 
by Professors Davey and Kaufman at California State 
University at Sacramento using physiological pressures 
and wave contours to simulate the in vivo situation. High 
speed cinephotography of aluminum particles suspended in 
glycerin solution, corrected to the proper Reynold’s number 
(viscosity) of blood, allowed careful study of flow patterns 
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around valve prostheses. This arrangement also allowed 
comparison of flow gradients and regurgitation [3,4]. 

The evaluation of materials for use in valve prostheses 
encompassed several variables. Thrombogenicity of these 
substances was a paramount consideration. Inert, non- 
wettable materials with long clinical and research use 
were chosen. 

Machinability of the cage material was another factor. 
Because it maintained its integrity during machining, 
titanium was selected. Its light weight and resistance to 
deformation were pluses. 

A program of accelerated fatigue testing in the engi- 
neering laboratory was carried out as a mandatory re- 
quirement. These tests revealed surprising cage wear by 
other materials suggested for the ball such as Teflon and 
pyrocarbon. 

Animal evaluation of the evolving prosthesis involved 
more than 100 implantations in mongrel dogs. Long-term 
survival up to 15 years was observed with mitral implants 
without anticoagulation. Postoperative catheterization 
studies revealed excellent hemodynamic variables with 
induced heart rates to 250 beats per minute. Seating of the 
ball was complete even at these high pulse rates, and 
cardiac output was maintained. 

Comparative studies were begun by placing the Starr- 
Edwards ball valve, models A1200 and M1560, into our 
pulse simulator. They exhibited considerable bouncing of 
the ball off the orifice and actual fluttering of the ball in 
midstream at higher pulse rates. Pronounced regurgita- 
tion between bounces was manifested by “smoke rings” 
on the flow patterns. Stasis and reversal of flow distal to 
the ball at the crossing struts were seen. 

The Gott-Daggett bileaflet valve was fascinating in that 
the leaflets opened only slightly during diastole in the 
mitral position, the flow spilling from them like water- 
falls. There was almost total stasis between the open 
leaflets. These observations suggested flow restriction 
and probable early layering of fibrin on the leaflets fol- 
lowed by complete thrombosis. Later clinical results con- 
firmed these observations. 

With the Kay-Suzuki disc valve it was hoped to circum- 
vent the inherent stenosis of discs by increasing disc 
travel. This would increase the frustum area about the 
occluder to equal the orifice area, as had been described in 
our previous work. However, when this principle was 
applied to a disc configuration, it permitted the disc to 
cock intermittently. 

Our studies of the intriguing Davila valve showed 
closure of the poppet was irregular and suggested a 
woman pulling up her girdle. Its sealing of the orifice was 
also inconsistent. Good flow gradients were present. 
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The Wada “hingeless hinge” valve revealed excellent 
function of the leaflet with some turbulence in the minor 
orifice. Early opening angles were excessive, retarding 
rapid closure. In response to the studies, the opening 
angle was modified, and this resulted in much more satis- 
factory flow. 

The Cooley-Cutter valve used a pyrolytic carbon bicon- 
ical disc in a full-orifice double cage. Flow patterns were 
improved compared with those of other disc valves. 

The effective orifice of the Kay-Shiley valve was limited 
because of the short travel. This relative stenosis with the 
severe turbulence distal to the disc was predictive of 
severe thrombotic problems. 

The ingenious concept of the Bjérk-Shiley free-floating 
disc introduced partial random movement of the disc. 
This eliminated the disc wear seen in the Kay-Shiley and 
Beall valves. Flow patterns were improved over previous 
disc valves. My colleagues and I were concerned about 
the durability of welded parts. 

The multiplicity of parts of the Beall valve worried us, 
as we had previously decided on “unit body construc- 
tion” for our valve. It also shared the flow restrictions and 
turbulence seen in the Kay-Shiley valve. 

The Hancock porcine prosthesis surprisingly had erratic 
opening of the leaflets and rather narrow central flow 
with a fair amount of stasis in the area of the sinus of 
Valsalva. 

The Braunwald valve had flow characteristics similar to 
those of the Starr-Edwards valve, but with elimination of 
the crossing cage struts. 

As a result of all these studies, the Smeloff-Cutter valve 
was designed with a large cage machined from a single 
bar of pure titanium. Because of the design, casting, as is 
done with stellite, was considered undesirable. The throat 
allowed the ball to pass through the orifice from one cage to 
the other, allowing the largest orifice and smallest cage sizes 
to be used. This also eliminated the prominent bouncing on 
the orifice with the inherent regurgitation seen in the Starr- 
Edwards valve. An added feature was the washing effect of 
the potential stasis areas during valve closure. The Silastic 
ball allowed total random seating on the six small pads of 
the cage. Ball travel was optimized by making the secondary 
orifice or frustum area equal to the primary orifice. 

Two later events influenced valve design. Prior to 1966, 
deformation of the Silastic poppets of the Starr-Edwards 
and Smeloff-Cutter valves occurred [5]. The Starr- 
Edwards ball became discolored, firm, and irregular in 
shape. Splitting with loss of the ball and actual thrombosis 
in the ball were noted. These findings prompted Dr Starr 
to consider Silastic an inappropriate material for use as a 
poppet and to explore the use of other materials such as 
stellite. Ball variance of the Smeloff-Cutter valve was 
found to include symmetrical swelling of the ball with 
yellow discoloration. Rather than abandon Silastic, chem- 
ical analyses were done and revealed that overzealous 
“curing” of the material allowed water-soluble elastomers 
to be retained. In vivo, this material was leached from the 
ball and replaced with lipids. Careful curing of the Silastic 
ball turned all the elastomers to elastic and totally elimi- 
nated this problem for the following 22 years. 

The second event to markedly affect the evolution of the 
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Fig 1. Current Smeloff aortic valve. 


valve design was the presentation by Dr Braunwald in 
1966 of the totally cloth-covered Starr valve, the Braun- 
wald-Cutter valve, which was implanted in calves. Our 
group did not follow suit for two main reasons. Dr Don 
Olson, veterinarian of the Desert Research Institute in 
Reno, advised us that prolific endothelialization of most 
graft materials take place in calves. We were also aware 
that abrasion of Silastic by fabric and fabric by Silastic 
could have dire consequences. 

Clinical use of the present-model Smeloff prosthesis 
(Fig 1) includes more than 50,000 valves worldwide since 
1966 [6, 7]. There have been only two instances of ball 
variance due to wear of the ball from errant sutures. No 
other structural failures of the valve have been reported 
during its 22 years of use. The incidence of thromboem- 
bolic events for fully anticoagulated patients has been 
0.7% for the aortic prosthesis and 1.7% for the mitral 
prosthesis. Occlusive thrombosis of the valve has not 
been seen. The encouraging long-term clinical results 
with this valve have prompted our continued use of it. 
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We reviewed 25 years (4,798 patient-years) of aortic valve 
replacement with the Magovern-Cromie sutureless 
valve. Operative mortality was 11% for isolated aortic 
valve replacement and 15% for aortic valve replacement 
with concomitant cardiac procedures. Since 1981, opera- 
tive mortality has declined to 4.9%. Valve-related mor- 
bidity was in the lower expected ranges for prosthetic 
aortic valves: ball variance, 0.3%/patient-year; parapros- 
thetic leak, 0.41%/patient-year; valve endocarditis, 


Ree 1962 to 1988, aortic valve replacement (AVR) with 
a Magovern-Cromie sutureless valve was performed 
in 728 patients. The unique design of this valve comprises 
a barium-impregnated silicone ball in an open, three-strut 
titanium cage. It is inserted by rotating an implantation 
tool to engage multiple vertical pins into the aortic annu- 
lus. A central cylinder with an upper and a lower right- 
hand and left-hand thread is engaged to two titanium 
rings containing titanium pins. As the central cylinder 
rotates, the rings are approximated, thereby ejecting the 
fixation metal pins into the adjacent tissue (Fig 1) [1]. 


Material and Methods 


Patient age ranged from 16 to 85 years (mean age, 55.6 
years). Of the 728 patients, 564 (77%) were male. When 
first seen, 328 (45%) had aortic stenosis, 156 (21%) had 
aortic insufficiency, and 230 (32%) had mixed lesions. 
Fourteen patients (2%) had dysfunction of a previously 
placed prosthetic valve. Isolated AVR was performed in 
591 patients. Concomitant procedures in the other 137 
patients included coronary artery bypass grafting (84 
patients), mitral valve procedures (119 patients), and 
mitral and tricuspid valve procedures (3 patients). Twen- 
ty-five patients had undergone previous aortic valve pro- 
cedures. 

Data were abstracted retrospectively from physician 
and hospital records. Follow-up, completed by November 
1988, used a standard questionnaire directed to the pa- 
tient, family, or referring physician. The incidence of 
complications is reported only for patients having isolated 
AVR or AVR-with coronary artery bypass grafting, and 
represents 4,631 patient-years. Complications were attrib- 


Presented at the World Congress on Heart Valve Replacement, San Diego, 
CA, Jan 15-18, 1989. 


Address reprint requests to Dr Magovern, Department of Surgery, Alle- 
gheny General Hospital, 320 E North Ave, Pittsburgh, PA 15212. 


© 1989 by The Society of Thoracic Surgeons 


0.43%/patient-year; valve thrombosis, 0.04%/patient- 
year; and embolic events, 3.95%/patient-year. The inci- 
dence of aortic valve reoperation was 0.76%/patient-year. 
The 5-year, 10-year, and 20-year probability of survival 
corrected for normal mortality was 77%, 64%, and 52% 
for all discharged patients. This review confirms the 
Magovern-Cromie valve to be a safe, durable, and effi- 
cient prosthetic valve. 

(Ann Thorac Surg 1989;48:533-4) 


uted to the Magovern-Cromie valve unless another source 
was documented. Statistical tests included x” analysis, 
analysis of variance, and life-table analysis (using BMDP 
software). 


Results 


Operative mortality (within 30 days of AVR) was 11% 
(67/591) for isolated AVR. With concomitant procedures, 
operative mortality increased significantly to 15% (21/137). 
Since 1981, operative mortality has declined to 4.9%. The 
major causes of operative death were cardiac failure (49 
patients, 56%), arrhythmia (10 patients, 11%), thrombo- 
embolic events (11 patients, 13%), bleeding (9 patients, 
10%), and complications due to aortic aneurysm (2 pa- 
tients, 2%). Paraprosthetic leak resulted in one death, and 
before 1970, posterior aortic tear led to four deaths. Two 
deaths were due to gastrointestinal hemorrhage. 

Six hundred forty patients were discharged, 52 of 
whom were lost to follow-up. Follow-up represents 4,798 
patient-years overall. There were 346 late deaths, which 
were due to cardiac disease (including five sudden 
deaths) (175 patients, 51%), prosthetic valve failure (21 
patients, 6%), noncardiac-related cause (52 patients, 
15%), cerebral emboli (27 patients, 8%), and pulmonary 
emboli (2 patients, 0.6%). The cause of 69 deaths (20%) 
could not be confirmed. 

Ball variance occurred in 14 patients (2%) and necessi- 
tated 12 reoperations with two deaths. Two cases were 
found at autopsy. The incidence of ball variance was 
0.30%/patient-year. Prosthetic valve endocarditis was 
found in 20 patients (2.7%), an incidence of 0.43%/patient- 
year. Nine patients with prosthetic valve endocarditis 
required reoperation with five deaths. Three cases were 
discovered at autopsy. Paraprosthetic leak, excluding 
defects secondary to prosthetic valve endocarditis, was 
found in 19 patients (2.6%), an incidence of 0.41 %/patient- 
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Fig 1. (A) Medel A4 Magovern-Cromie valve with insertion handle. 
(B) Model A4 valve with vertical fixation pins extruded. 


year. Four cases were discovered at autopsy, and 12 
patients required reoperation with four deaths. 

Total valve thrombosis occurred in 2 patients, an inci- 
dence of 0.04%/patient-year. One of these patients under- 
went reoperation and died. Multiple systemic emboli 
were the indication for one reoperation. 

The average time to a second aortic procedure was 5.3 
years (range, 0.2 year to 15.3 years). The incidence of 
aortic valve reoperation was 0.76%/patient-year. 

There were 142 cerebral embolic events with 27 deaths, 
22 peripheral events, eight pulmonary embolic events 
with two deaths, and 11 coronary artery emboli with four 
deaths. The incidence of all embolic events was 3.95%/ 
patient-year. Permanent pacemakers were inserted in 88 
patients perioperatively and in 31 during follow-up. 

The 5-year, 10-year, and 20-year observed probability of 
survival for all discharged patients is 70%, 51%, and 28%, 
respectively. When corrected for the normal mortality 
based on Surveillance, Epidemiology, and End Results 
Program (SEER) 1980 data, the survival rate is 77%, 64%, 
and 52%, respectively. Survival at 5 and 10 years was 
increased for patients having isolated AVR compared 
with those having AVR plus a concomitant procedure 
(64% and 47% versus 55% and 38%). No difference was 
observed in 5-year and 10-year survival rates according to 
valvular lesion or thromboembolic complications. Five- 
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year and 10-year survival was significantly decreased by 
the development of prosthetic valve endocarditis (44% 
and 23%, respectively). 

Six weeks after operation, 97% of the 509 patients 
returning for evaluation were in New York Heart Associ- 
ation functional class I or II. Currently, 242 patients are 
alive and in follow-up. They represent 2,565 patient-years 
with an average survival of 10.3 years (range, 0.6 year to 
25.8 years). Of these patients, 85% are in functional class 
I and 13%, class II. 


Comment 


A prosthetic valve is evaluated by simplicity of implanta- 
tion, low incidence of morbidity, and durability. With its 
mechanical fixation, the Magovern-Cromie valve is re- 
markably easy to implant and routinely requires a cross- 
clamp time of less than 30 minutes [2]. Valve-related 
morbidity and mortality fall in the lower expected ranges 
for prosthetic aortic valves [3-8]. We attribute the low 
incidence of ball variance to slow curing and impregna- 
tion of the poppet with barium. Once the technique of 
mechanical fixation is mastered, valve placement can be 
easily checked and corrected if necessary, thus substan- 
tially reducing the incidence of paraprosthetic leak. Strut 
fracture, poppet dislodgment, and hemolysis were not 
seen in this review. 

A disadvantage of the Magovern-Cromie valve may be 
a higher incidence of conduction defects in a population 
predisposed to atrioventricular dissociation due to severe 
aortic stenosis. Conduction complications can be reduced 
by careful sizing and choice of implant site. 

We believe that this review confirms the Magovern- 
Cromie sutureless valve to be a safe, efficient, and durable 
prosthetic valve. 
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uring the 1960s three prosthetic valves of original 

design were developed to address problems with 
then-existing prostheses. The development of each pro- 
gressed to human implantation. All have had complete 
freedom from structural design and wear failures. With 
today’s hindsight, it is clear that each had an effect on 
subsequent valve evolution varying from modest to im- 
mense, as described herein. 


Toroidal Disc 

Design 

This prosthesis was described in 1966 as the LilleHei- 
Nakib valve. It had a low profile and short travel, was 
fabricated from lightweight titanium, and added central 
flow for the first time to a discoid design (Fig 1A). In vitro 
hydrodynamic measurements [1] in an analog pulse du- 
plicator system confirmed the superior flow of the toroidal 
design (with both central and peripheral flow) compared 
with the Starr ball valve and the Kay-Shiley discoid valve, 
both of which had peripheral flow only. 


Clinical Results 


Between 1967 ane 1970 approximately 500 toroidal pros- 
theses were implanted worldwide, mostly in the mitral 
position. Today, 18 to 20 years later, there has not been a 
single structural failure reported to the manufacturer 
(Washington Scientific Industries, Orono, MN), in the 
literature, or to the FDA. Early [1-3] and interim (4, 5] (4 
to 8 years) follow-up results have been published. In 
addition, a personal series of 66 patients receiving the 
toroidal prosthesis in the mitral position has been fol- 
lowed (99% complete) for 17 to 20 years (3,178 patient- 
years). In this study the 30-day mortality was 17% (11 
patients). There were 38 late deaths, of which 17 (45%) 
were valve related as follows: 11 patients, pannus/ 
thrombosis; 3 patients, thromboembolism; 2 patients, 
endocarditis; and 1 patient, anticoagulant-related hemor- 
thage. At 17 to 20 years, a total of 16 patients (29.6%) are 
alive, and 5 patients (9.2%) are alive and event-free. 
Actuarial survival was 50%, 34%, and 22%, and freedom 
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from thromboembolism and thrombosis was 77%, 67%, 
and 46% at 5, 10, and 15 years, respectively. 


Lillehei-Kaster Pivoting Disc 


Design 

This original design, first described in 1967 [6, 7], intro- 
duced a free-floating pyrolytic carbon disc that opened to 
80 degrees with a titanium orifice ring machined from a 
single block (Fig 1B). Additional features were the greatly 
improved central flow, rapid disc response, lifetime du- 
rability, relatively low profile, and rotatable Teflon sewing 
cuff. 


Clinical Results 


The substantial functional improvements in the pivoting 
disc prosthesis [8, 9] attracted widespread clinical accep- 
tance, and 65,000 protheses were implanted in humans 
from 1970 to présent.* Like the toroidal valve, there were 
no design changes once clinical usage began. This pros- 
thesis design has had an exemplary reliability record. 
There has not been a single reported incident of dysfunc- 
tion due to wear. Further,-in this vast experience there 
have been only three instances of disc escape,* one at 3 
months (aortic), one at 3 years (mitral), and one at 6 years 
(mitral) [10]. All 3 patients had emergéncy reoperations, 
and the 2 with mitral prostheses have been long-term 
survivors. In the patient in whom the retrieved disc 
fragments were studied by scanning electron microscopy, 
it was concluded that there was a flaw in the manufacture 
of the carbon disc [10]. This safety record of the Lillehei- 
Kaster pivoting disc valve is in marked contrast to the 
hundreds of deaths due to premature mechanical failure 
of the Bjérk-Shiley tilting disc prostheses [11] in a similar 
time span. 

There have been more than 100 published reports on 
clinical results with the Lillehei-Kaster pivoting-disc 
valve. Thevenet and Albat [12] have recently completed a 
10- to 13-year follow-up (99.6% complete) of 277 patients 
receiving 339 prostheses in aortic, mitral, or double valve 
regions. Actuarial survival percentages were 76.8, 64.4, 
and 59:1 for aortic valve replacement and 79.6, 67.2, and 
54 for mitral valve replacement at 5, 10, and 13 years 
respectively. At 13 years, 70.1% of the patients who 


* Data from manufacturer: Medical Inc, Inver Grove Heights, MN. 
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Fig 1. (A) Lillehet-Nakib toroidal discoid prosthesis 
(mitral position). All titanium. (B) Lillehei-Kaster 
pivoting disc valve (aortic position). Pyrolytic carbon 
disc, single-block titanium orifice, Teflon cuff. (C) 
Katke-Lillehei rigid all-titanium bileaflet prosthesis 
(1968 Model), viewed from outflow side, fully opened 
(60 degrees). Teflon cuff. (D) All pyrolytic carbon, 
low profile St. Jude Medical prosthesis (1977), viewed 
from outflow side, fully opened (85 degrees). Dacron 
velour cuff. 


received aortic valve replacement and 68.1% of those who 
received mitral valve replacement were event free. 


Kalke-Lillehei Rigid Bileaflet Prosthesis 


Design 


This original design was conceived in 1965. Although the 
initial prototypes were very crude, this design captured 
our attention because it gave the best hydrodynamic 
performance in our analog pulse duplicator of any me- 
chanical or tissue valve studied. Subsequent in vitro and 
animal implantation studies [13, 14] refined the design to 
the 1968 model [15] (Fig 1C). This prosthesis had a low 
profile and was all titanium, with the leaflets opening to 
60 degrees. As the leaflets opened they moved apart to 
create a central orifice, thereby eliminating stagnation and 
improving central laminar flow. Each leaflet had two short 
cylindrical cams that rotated within a semiopen ovoid 
recess in the orifice ring. A series of titanium models were 
handcrafted by Harry Cromie (Surgitool Co, Pittsburgh, 
PA) and one of these was used in the first and only clinical 
implantation.* A search at that time for a commercial 
manufacturer was not successful. 


*On May 20, 1968, a woman with advanced rheumatic mitral valve 
disease, recent bacterial endocarditis, and recent bilateral femoral embo- 
lectomies had mitral valve replacement. A Kalke-Lillehei prosthesis with 
an inner diameter of 20.5 mm and an outer diameter of 29 mm was used. 
Postoperatively her condition was satisfactory for 24 hours, at which time 
low output appeared and was unresponsive to treatment. Death occurred 
at 48 hours. At autopsy, it was not possible to determine the cause of 
death. 
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Clinical Results 


On July 4, 1976, a new company, St. Jude Medical, was 
organized by Manuel Villafana for the sole purpose of 
manufacturing a rigid bileaflet prosthesis. The configura- 
tion of the Kalke-Lillehei titanium valve was refined and 
improved on in several important ways. The titanium was 
replaced by pyrolytic carbon, the leaflet opening angles 
were increased to 85 degrees, and the pivot mechanism 
was made more open to washing during both systole and 
diastole [16]. The first clinical implantation of the St. Jude 
Medical prosthesis (Fig 1D) occurred on October 3, 1977, 
the 100,000th implantation in 1985, and the 200,000th 
implantation (more than any other prosthetic valve in 
history) in September 1988. The design has remained 
unchanged. This rapid clinical acceptance, along with a 
published bibliography of more than 900 titles, testify to 
the unsurpassed performance of the St. Jude Medical 
mechanical prosthesis. 


Conclusion 


In summary, current evaluation of these three innovative 
designs introduced two decades ago indicates (1) the 
toroidal disc demonstrated lifetime durability and im- 
proved hemodynamics, but the discoid design was des- 
tined for obsolescence; (2) the pivoting disc design exhib- 
ited further improvements in hemodynamics, lifetime 
durability, and a low incidence of thromboembolism, and 
introduced pyrolytic carbon into widespread clinical us- 
age; and (3) the rigid bileaflet design has had an immense 
influence on further improving hemodynamics and con- 
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tinued lifelong reliability, and has reduced valve-related 
complications to the lowest levels yet. 
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Wada-Cutter Heart Valve: Overall Experience at the 


Sapporo Medical College 
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We performed cardiac valve replacement using the 
Wada-Cutter valve in 124 patients during the 9 years 
between 1966 and 1974: aortic valve replacement in 48, 
mitral valve replacement in 56, tricuspid valve replace- 
ment in 9, and multiple valve replacement in 11. Sixteen 
patients died within 30 days after operation, and 34 died 
in the late postoperative period, with a cumulative mor- 
tality rate of 40.3%. Postoperative complications. in- 
cluded valve thrombosis in 9 patients, thromboembolism 
in 4, and mechanical valve failure in 5. The Wada-Cutter 
valve, first described at the Annual Meeting of The 
Society of Thoracic Surgeons on January 27, 1967, in a 
discussion on the paper by Cooley and colleagues on 
mitral valve replacement with a discoid valve, attracted 
attention for its unique design. Four of the Wada-Cutter 
valves were incorporated in Liotia’s total artificial heart, 


ince cardiac valve replacement using a ball valve was 
¿J first performed in the aortic position by Harken in 
1960, various cardiac valve prostheses have been devel- 
oped and applied clinically. In 1966, Wada and associates 
[1, 2] designed the Wada-Cutter valve, which had a 
smaller intracardiac space occupation than the conven- 
tional ball valve and°a more central flow with a more 
minimal pressure gradient than disc valves, and at- 
tempted its clinical use. This study evaluates the long- 
term results of cardiac valve replacement using the Wada- 
Cutter valve, which was the prototype for the tilting disc 
valves that subsequently became popular [3-6]. 


Material and Methods 


The Wada-Cutter valve consists of a metallic ring of 
titanium, an occluder of a solid, hard Teflon, anda sewing 
ring of Teflon. Two notches on the occluder were engaged 
by two claws on opposite sides of the internal surface of 
the metallic ring, allowing opening and closing of the 
occluder. The maximum opening angle of the occluder 
was 75 degrees according to extensive flow studies by 
Professor M. Arie of the Hokkaido University School of 
Engineering (Fig 1). 

Wada-Cutter valves were implanted in 124 patients 
admitted to the Sapporo Medical College and Hospital 
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which was implanted clinically for the first time in 
Cooley’s second-stage heart transplantation. It may not 
only claim to be the origin of today’s most popular 
tilting-disc heart valves but also has some original con- 
cepts with regard to bileaflet and tricuspid tilting-disc 
heart valves. However, at that time, cardiac valve re- 
placement with this prosthesis resulted in a high inci- 
dence of thrombosis without systemic anticoagulation 
and in mechanical valve failure due to hinge wear of the 
Teflon occluder. For these reasons, its clinical use was 
discontinued in 1974. If Pyrolite carbon had been 
adopted in construction of the valve when it first became 
available, the valve design could have been useful even 
today. 


(Ann Thorac Surg 1989;48:538-40) 


between September 1966 and September 1974 [1, 2]. The 
patients were aged 7 to 56 years (mean age, 39.9 years) 
and included 58 males and 66 females. The surgical 
procedure was aortic valve replacement in 48 patients, 
mitral valve replacement in 56, tricuspid valve replace- 
ment in 9, and multiple valve replacement in 11. Mitral 
valve -repair was performed concomitantly with aortic 
valve replacement in 7 patients and with tricuspid valve 
replacement in 4 patients. Multiple valve replacements 
were aortic and mitral valve replacement in 5 patients, 
mitral and tricuspid valve replacement in 4, and aortic, 
mitral, and tricuspid valve replacement in 2. The preoper- 
ative cardiac function according to the New York Heart 
Association classification was class HI in 77 patients (62%) 
and class IV in 48 (38%). 

The prosthesis was fixed to the annulus by the contin- 
uous or knotless suture technique to eliminate numerous 
knots and suture cut ends as advocated by Wada and 


© co-workers [7]. None of the patients who underwent 


Wada-Cutter valve implantation received anticoagulation 
therapy postoperatively. A follow-up study of the recipi- 
ents of Wada-Cutter valves was performed at the end of 
1976, 1 month to 10 years 3 months after implantation. 


Results 


Table 1 summarizes the results of cardiac valve replace- 
ment using Wada-Cutter valves according to the type of 
operation. Early death within 30 days of the operation 
occurred in 16 patients (13.0%), and the mortality rate 
tended to be higher among patients with multiple valve 
replacement than among those with single valve replace- 
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Fig 1. Wada-Cutter prosthesis. 


ment. The mortality rate w 


was higher among patients in 
functional class IV. Low-output syndrome accounted for 
more than half of the early aa after operation (Table 


2). Late death occurred in 34 (27.4%) patients, and there 
was no difference in late ao rate between the 
single-valve replacement group and multiple-valve re- 
placement group. 

The cumulative mortality of the entire group was 
40.3%. As shown in Table 3, congestive heart failure, 
valve thrombosis, endocarditis, and death at reoperation 
were frequent causes of late death. 

Among postoperative valve-related complications, 
thromboembolism occurred in 4 patients, valve thrombo- 
sis in 9, periva alvular leakage in 6, prosthetic valve en- 
docarditis in 5, and mechanical valve failure in 6. 

Reoperation for postoperative valve-related complica- 
tion was performed in 28 patients: 5 with valve thrombo- 
sis, 3 with perivalvular leakage, 2 with prosthetic valve 
endocarditis, 5 with mechanical failure, and 13 as an 
elective operation. 

The procedure performed in the 5 patients with valve 
thrombosis was valve replacement in 2 and thrombec- 
tomy in 3. One of these patients died. Two of 3 patients 











Table 1. Mortality According to Type of Operation 
Cumulative 
No. of Early Late Mortality 
Operation Patients Death Death (5) 
AVR 48 6 14 41.7 
MYR 56 7 17 42.9 
TVR 9 Q 0 
AVR + MVR 5 2 I 60.0 
MVR + TVR 4 1 1 50.0 
AVR + MVR + TYR 2 Q 1 50.0 
Total 124 16 34 40.3 





AVR = aortic valve replacement; 
TVR = tricuspid valve replacement. 


MYR = mitral valve replacement 
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Table 2. Causes of Early Death 





No. of Patients 








Cause 

Low-output syndrome 10 
Valve dehiscence 2 
Endocarditis i 
Hemorrhage 1 
Arrhythmia 1 
Cerebral air embolism 1 


Total 16 





with perivalvular leakage and all patients with prosthetic 
valve endocarditis died postoperatively. Of the patients 
with mechanical failure, 2 of the 3 patients who had 
occluder embolism [8-11] (of whom 2 successfully under- 
went suction cleaning of the thrombosed valve without 
replacement) and 2 patients who had intermittent valve 
insufficiency due to hinge wear were saved by emergency 
valve exchange. Prophylactic valve replacement was per- 
formed electively in 13 patients with implanted Wada- 
Cutter valves, resulting in three early deaths. 


Comment 


The Wada-Cutter valve is a mechanical prosthesis that 
was first applied to clinical use as a tilting-disc valve on 
September 15, 1966, This valve had an advantage over the 
conventional ball valves in that it did not disturb central 
flow and occupied a smaller intracardiac space, minimiz- 
ing interference with the left ventricular outflow. This 
concept of heart valve design subsequently led te devel- 
opment of other tilting disc valves, such as the Bjérk- 
Shiley valve [3] and the Lillehei-Kaster valve. 

At first, the novel design of the valve appeared prom- 
ising, and it was used worldwide, especially in the United 


Table 3. Causes of Late Death 





No. of Patients 


Cause 











Valve-related death 


Valve thrombosis 4 
Cerebral embolism 1 
Valve failure 1 
Endocarditis 3 
Perivalvular leakage 3 
Death at reoperation 9 
Cardiac-related death 
Congestive heart failure 6 
Arrhythmia I 
Other 
Pneumonia t 
Hepatitis 1 
Stroke 1 
Unknown 3 


Total 34 
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States. Four of the valves were used in the Cooley-Liotta 
total artificial heart, the first total artificial heart clinically 
implanted successfully [12]. However, results of long- 
term follow-up showed increasingly that the valve, im- 
planted without anticoagulant therapy, was not as effec- 
tive as had been expected in preventing thrombosis, 
although its self-washing mechanism reduced the fre- 
quency of thromboembolism compared with other valves 
then in use. Moreover, once thrombosis occurred, it was 
more likely to progress rapidly in tilting-disc valves than 
ball valves, leading to restriction of the opening of the 
occluder and severe valve insufficiency. This valve failure 
was the primary factor responsible for poor long-term 
results of Wada-Cutter valve implantation. 

In vitro fatigue test had indicated that the valve would 
function for 10 years, but our patients experienced fatal 
complications such as disc embolization, and intermittent 
valve insufficiency due to wear of the Teflon occluder 
hinge [8-11]. Similar complications were also reported by 
other institutions. 

Because of these severe complications and inadequate 
durability, we abandoned use of the Wada-Cutter valve in 
the mitral position in 1972 and in the aortic position in 
1974. Subsequently, re-replacement was performed in any 
recipient of this valve who exhibited increased valvular 
regurgitation sounds or enlargement of the cardiac silhou- 
ette on chest x-ray films. Elective re-replacement of the 
prosthesis also has been performed in patients without 
any such clinical signs. 

The Wada-Cutter valve would have been a better device 
if pyrolytic carbon, which has a greater antithrombogenic 
property and is more durable than Teflon, had been used 
when it became available and if the design of the pivot 
portion of the valve had been improved. 
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he initial experience with valve replacement in Brazil 

was carried out with the mechanical Starr-Edwards 
prosthesis. In the Hospital das Clinicas in Sao Paulo, 988 
Starr-Edwards prostheses were implanted between 1964 
and 1971 [1]. The thromboembolism rate in the late 
postoperative period was 27.4% in the mitral position, 
and 12% in the aortic (Table 1). After a few cases with 
homologous and porcine valves preserved in alcohol, 
clinical use of dura mater with rigid stent commenced in 
1971 by Puig and collaborators [2-5]. The dura mater 
bioprosthesis permitted the maintenance of patients with 
no anticoagulation and no thromboembolism. The dura 
mater homograft was used more than 3,000 times in our 
institute. Subsequently, there was a period in which a 
dura mater of flexible stent was used, which was followed 
by an experience with porcine and pericardial xenografts, 
the latter being developed in the Heart Institute itself 
(Table 2). Our experience with mechanical valves has 
been limited, because the philosophy of the Institute is 
directed to biological valve substitutes. 


Experience With Dura Mater Bioprostheses 


Dura mater was obtained from cadavers within 14 hours 
after death. Specimens with infection, degenerative dis- 
ease, or cancer must be ruled out. The scalp is incised and 
pulled forward. The skull, meninges, and brain are sawed 
1 cm above the glabella and the mastoid. The brain is 
removed and the dura mater is detached from the skull. 
The superior sagittal sinus is opened and the dura mater 
is washed in running water for one hour. Immediately 
afterward, dura mater is fixed and preserved in 90% 
glycerol for at least 12 days at room temperature. The 
preparation of the valve is carried out aseptically in the 
operating theater. The dura mater is rehydrated in saline 
solution for about five minutes. The valve is composed of 
three leaflets sutured to a Dacron velour-covered stain- 
less-steel frame. Each leaflet is tailored in the shape of 
steel templates of different sizes. The leaflets must have 
similar thickness and flexibility. 

The leaflets take the shape of a set of casting molds. 
They are sutured to the Dacron velour-covered frame by 
a continuous row. A fragment of the dura mater is 
secured for bacteriological cultures. 

From 1971 to 1980, 2,647 patients received bioprosthe- 
ses of dura mater with rigid stent. The mitral valve was 
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replaced in 1,218 patients (46.2%). The aortic valve was 
replaced in 1,075 patients (40.61%). Tricuspid replace- 
ment was necessary in 49 patients (1.85%). The pulmo- 
nary valve was replaced in 5 patients with congenital 
heart disease (0.18%). Multiple valve replacement was 
performed in a group of 300 patients (11.34%). From 1980 
to 1982, 180 patients received dura mater valves with 
flexible stent. 

We believe that it is important to analyze in greater 


‘detail the 10-year follow-up study of Zerbini and col- 


leagues [6]. From 1971 to 1973, 243 consecutive patients 
were operated on, 147 (60.49%) requiring mitral replace- 
ment, 88 (36.22%) aortic replacement, and 8 (3.29%) 
tricuspid replacement. A total of 25 (10.28%) patients 
were lost to follow-up. The age of the patients varied from 
6 to 67 years, with a mean age of 34.1 years; 50.61% were 
male and 49.38% female. Aortic replacement was more 
frequent in male patients (73.86%) and mitral replacement 
in female patients (61.20%). After mitral replacement, the 
immediate mortality in the series of 147 patients was 
12.92% and late mortality was 19.29%. Mild or question- 
able thromboembolic episodes were observed in 1 patient 
(0.68%) during the immediate postoperative period, and 
in 1 patient (0.8%) during the late postoperative period. 
Valve dysfunction was observed in 10 patients during the 
immediate postoperative period, including 8 with mild 
systolic murmurs and 2 with perivalvular leak. During the 
late postoperative period, 14 patients had mild systolic 
murmur, 14 suffered ruptured cusps, and 3 had calcifica- 
tion of the valve leaflets. 

Nineteen reoperations were performed in the following 
10 years. Two patients had perivalvular leakage and were 
reoperated on at 5 and 19 months. Rupture of the cusps 
was observed in 14 patients who underwent valve re- 
placement in the period from 35 to 108 months after the 
first operation. Calcification of the cusps required reoper- 
ations in 3 patients in the period from 60 to 90 months 
after the first operation. The low incidence of calcification 
in this initial series is explained by the small number of 
children. 

In the 10-year postoperative period, 61.6% of the pa- 
tients were asymptomatic (New York Heart Association 
[NYHA] functional class I). In the actuarial analysis of 
reoperation of the patients who underwent mitral valve 
replacement, patients free of valve dysfunction comprised 
95% of the survivors 6 years after valve replacement; 
86.5% after 7 years; and 53% 10 years after operation. In 
aortic replacement (88 patients), the immediate mortality 
was 11.36%, and the late mortality was 16.17%. 

Fungal endocarditis was observed in 1 patient (1.47%) 
during the late postoperative period. Bacterial endocardi- 
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Table 1. Starr-Edwards Valve: Initial Experience 





Immediate Late Thrombo- 

No. of Mortality Mortality embolism 
Position Patierits (%) (%) (%) 
Mitral 459 11.5 5.2 27.4 
Aortic 372 13.9 3.7 12 
Tricuspid 13 15.4 77 — 
Multiple 154 19.5 8.4 18.8 

Total 998 


tis occurred during the immediate postoperative period in 
1 patient (1.13%), and in 7 patients (7.95%) during the late 
postoperative period. There was one late thromboembolic 
episode (1.4%). Valve dysfunction was observed during 
the immediate postoperative period in 4 patients, includ- 


ing 2 with mild diastolic murmur and 2 with perivalvular . 


leakage. During the late postoperative period, 7 patients 
had mild diastolic murmur and 32 had ruptured valves. 

In the 10 years’ experience, 37 reoperations were per- 
formed. Rupture of the cusps was observed in 32 replaced 
valves resected from patients reoperated on in the period 
between 38 and 94 months after operation; in this group, 
two deaths occurred (5.4%). ; 

In the 10-year postoperative period 75% of the patients 
were asymptomatic (NYHA functional class I). In the 
actuarial analysis of reoperation of the patients who 
underwent aortic valve replacement, patients free of valve 
dysfunction comprised 73% of the survivors 5 years after 
valve replacement, 60% after 6 years; 53.84% after 7 years; 
and 24% 10 years after operation. 

From this report we conclude that the actuarial survival 
after mitral and aortic valve replacement by dura mater 
homograft is acceptable. However, the percentage of 


Table 2. Bioprosthesis Experience 





No. of 

Period Type Patients 

Nov 1966-June 1967 Homologous: aortic position 50 
(formaldehyde 4%) 

Dec 1968-Sep 1969 Porcine (alcohol 70%, 20 
glycerol) 

1971-1980 Dura mater (rigid stent) 2,647 

1978-1982 Dura mater (flexible stent) 180 

1982-1987 Porcine xenograft 461 
(glutaraldehyde-preserved) 

1982-1984 Pericardial xenograft 273 
(glutaraldehyde, 0.56%; 
formaldehyde, 4%; high 
profile) 

1984-1987 Pericardial xenograft 561 
(glutaraldehyde, 0.56%; i 
formaldehyde, 4%; low 
profile) 

Total 4,192 
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survivors free of valve dysfunction shows an appreciable 
decrease 7 years after valve implantation. The patients 
were able to reach several years of benefit without throm- 
boembolism and without the inconvenience of anticoag- 
ulants. Valve dysfunction was gradual and allowed time 
to reoperate with low mortality. i 

We know that bioprostheses are neither hemolytic nor 
thrombogenic, but the greatest problem is related to their 
durability. A histological study of the tissue utilized, and 
of the bioprostheses that were removed, is undoubtedly 
very important. 

Structural changes of dura mater in working valves in 
patients were studied by Allen and associates [7-9]. 
Histological investigations with light microscópy of recov- 
ered glycerine-treated dura mater revealed preservation 
of collagen fibers showing normal aspect in both longitu- 
dinal and cross-section. They retain good staining charac- 
teristics and show no evidence of host cell infiltration. 
However, study of subcellular structures of the dura valve 
allograft showed surface and internal alterations. 

Whereas scanning electron microscopy provides valu- 
able information on phenomena occurring on the surface 
of the prosthetic devices, transmission electron micros- 
copy detects changes that take place both on the surface 
and within the substance of the implanted prosthesis. In 
addition, x-ray microanalysis permits identification of the 
structures under examination, furnishing precious infor- 
mation on the chemical composition, suggesting a remod- 
eling process when recovered valvular leaflets are com- 
pared with controls. l 

The alterations observed in the surface of the glycerin- 
treated dura mater of the valves recovered from patients 
were similar to those described by Ferrans and colleagues 
[10] for glutaraldehyde-treated porcine heterografts. 
However, significant differences were observed between 
the cells found within the glycerin-treated dura mater 
allografts and glutaraldehyde-treated porcine hetero- 
grafts. 

Electron microscopy of the connective tissue of im- 
planted dura mater leaflets surgically recovered from 
patients over a period of 23 to 73 months after implanta- 
tion revealed interwoven bundles of collagen fibers, fibro- 
blasts, and macrophages imbedded in a translucent 
ground substance. Dense ‘orcein-positive material was 
observed in strands dispersed throughout the remodeling 
areas, and often in close juxtaposition to the fibroblasts. 
Microfilaments were also observed in distinct layers or 
bands along the plasmalemma of the fibroblasts. Macro- 
phages were observed within the fibrin of the valvular 
surface and within the connective tissue matrix of the 
valve leaflets. In areas of remodeling, there was evidence 
of morphological degeneration of the connective tissue 
fibers (collagen), characterized by an absence of cells 
(cellular degeneration) and lipid deposition, in addition to 
evidence of collagen synthesis. 

Such findings indicate that the bioprosthetic dura mater 
valves are not passive structures but active in the process 
of degeneration and remodeling on the surface, in contin- 
uous contact with the bloodstream, and in the substance. 

We conclude that the changes observed at the subcel- 
lular level in the glycerin-treated dura mater surgically 
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recovered from patients probably interfere with its limited 
durability. 


Experience With Pericardial Xenografts 


We have been utilizing pericardial xenografts fixed in 
glutaraldehyde (0.5%) and preserved in formaldehyde 
(0.56%) and preserved in formaldehyde (4%) since 1982, a 
low-profile flexible stent being presently used because 
with the high-profile stent, some cases of left ventricular 
outflow obstruction were observed. Up to 1987 a total of 
987 prostheses were inserted in 834 patients with a 
minimum age of 7 years and a maximum of 79 years 
(average age, 41 years); 304 valves were high profile and 
683, low profile. The average follow-up period was 26.8 
months [11]. 

The immediate mortality of patients in whom high- 
profile pericardial xenograft prostheses were implanted in 
the aortic and mitral positions was, respectively, 4.7% and 
7%; for the low-profile pericardial xenograft bioprosthe- 
ses, the mortality was 2.3% and 9.3%, respectively. 

In the late postoperative period the patients with high- 
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Fig 1. Actuarial survival after iso- 
lated aortic valve replacement with 
pericardial xenografts (Jan 1984 to 
June 1988). 


3 


( AT- 6 MONTHS) 


profile prostheses had the following complications: calci- 
fication, 0.33%/patient-year; ruptured cusp, 0.33%/pa- 
tient-year; and endocarditis, 0.13%/patient-year. In pa- 
tients with low-profile prostheses the complication rates 
were: calcification, 0.2%/patient-year; ruptured cusp, 
0.05%/patient-year; and endocarditis, 0.10%/patient-year. 

The actuarial analysis for patients with high-profile 
aortic prostheses shows 94% survival in 13 semesters (Jan 
1982 through June 1988); survival is 84% for the patients 
with high-profile mitral prostheses. For those with low- 
profile prostheses the actuarial analysis in 9 semesters 
(Jan 1984 through June 1988) showed 91% survival for 
patients with aortic prostheses (Fig 1) and 84% for pa- 
tients with mitral prostheses (Fig 2). Obviously, the pe- 
riod of evolution is still too short for conclusions to be 
reached. Our results with the porcine bioprostheses are 
similar, showing 82% survival free of complications in an 
actuarial analysis after 5 years. 

To conclude, we have been informed that the dura 
mater bioprosthesis is still used in Russia and India, and 
that it is also the bioprosthesis used in artificial heart 
development at the Cleveland Clinic. 


Fig 2. Actuarial survival after iso- 
lated mitral valve replacement with 
pericardial xenografts (Jan 1984 to 
June 1988). 
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Results with dura mater are not very different from 


those of porcine and pericardial bioprostheses. In the 
aortic position, despite ruptured cusps, the incidence of 
endocarditis and calcification was low. Many patients 
have shown a Satisfactory évolution beyorid 10 years. 
Why has this study been interrupted? Because human 
material is harder td obtain and the fixation with glutaral- 
dehyde, even in low concentratioris, has not been 
achieved. 
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The Development of the Cross-Jones 


Caged-Lens Prosthesis 


Frederick S. Cross, MD, PhD, and Richard D. Jones, PhD 


Saint Luke's Hospital, Cleveland, Ohio 


fter a variety of valves had been tested since 1958, 
work on the low-profile lens valve was begun in 
May 1964, and the first valve was implanted on January 5, 
1965. This first patient lived 15 years, dying of causes not 
related to the valve. The low-profile caged-lens valve 
consisted of a titanium ring, a silicone rubber lens-shaped 
disc, and a woven Teflon fixation flange. The free-floating 
lenticular disc was held in position over the valve orifice 
by a cage formed by three legs machined from a solid 
piece of titanium. The silicone rubber lens was reinforced 
with a thin titanium ring molded in place within the lens. 
The weight was reduced by molding an air pocket within 
the silicone rubber lens. Lens weight was substantially 
less than that of a silicone rubber ball in a valve of the 
same size. This design resulted in a lightweight, low- 
profile valve with rapid opening and closing action, as 
well as adequate primary and secondary orifices for un- 
hampered blood flow. The small profile of the valve also 
ensured an adequate tertiary orifice. With the exception of 
reports of ball variance, the early mechanical valves func- 
tioned satisfactorily over long periods of time. The early 
and persistent problem was fibrin clot or pannus forma- 
tion at the cloth-metal interface, causing embolization 
and valve obstruction. A possible solution to this problem 
seemed to be the elimination of the cloth-metal interface 
by a number of subsequent modifications. 


Covered Rim Valve 


In this valve, the entire rim of the valve was covered with 
Dacron or polypropylene mesh to promote tissue in- 
growth. Although tissue ingrowth did occur, serious 
problems remained. There was still fibrin clot formation at 
the base of the legs where they emerged from the cloth 
covering, sometimes to the extent that it interfered with 
the function of the disc. In addition, there was incomplete 
healing of the tissues over the rim. Bruised areas devel- 
oped from the poppet striking the rim, resulting in 
ulceration and fibrin accumulation. In some instances, 
there was abrasion of the disc by the cloth that remained 
uncovered by tissue, resulting in abnormal disc wear. 
Finally, there could be excessive connective tissue forma- 
tion around the rim, resulting in a narrowed valve orifice 
and valve stenosis. To solve these problems, a thin metal 
rim was left in the orifice for the poppet to close against. 
This eliminated the bruising and ulceration seen in the 
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Fig 1. Cross-Jones lens mitral valve: (Left) basic rim model; (Right) 
covered rim model. 


totally covered rim and, theoretically, because the rim was 
in a high-flow area, fibrin clot formation was diminished 
or eliminated at the cloth-metal interface. Following the 
same reasoning, Starr left small exposed metal pegs for 
the ball to close against on his cloth-covered rim valve. 


Total Cloth-Covered Valve 


To eliminate fibrin formation at the junction of the cloth- 
covered rim and the legs, the entire valve was covered 
with Dacron mesh. This proved a disaster in the labora- 
tory and, subsequently, clinically. Deep grooves were 
worn in the disc and the cloth was worn off the legs. To 
avoid abrasion of the lens, the inside of the legs was then 
left bare but, although the lens was protected, there was 
continued clotting around the legs. Starr’s solution to this 
problem was the track valve design in which a thin metal 
strip was placed on the inside of the cage for the ball to 
travel on. 


Screen Lens Valve 


This valve was of a somewhat ingenius design made from 
stainless-steel screening. The open orifices of the screen 
allowed tissue ingrowth through the interstices for firm 
encapsulation by the surrounding tissues. The valve was 
surprisingly well-accepted by the tissues and there was 
minimal to no fibrin clot formation. This valve was never 
developed for clinical use, but functioned well in dogs 
and calves for periods up to 6 months. The basic concept 
has been used at the tips of pacemaker electrodes and in 
the manufacture of vessel stents placed after transluminal 
dilation of the coronary arteries. 


Disc Modification 


In an attempt to eliminate disc wear by the cloth-covered 
legs, a titanium lens was substituted for the more abra- 
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sion-prone silicone rubber disc. Although the disc was 
spared, an unexpected new problem presented itself. 
After only 6 weeks there was serious wear of the legs by 
the titanium disc. In an attempt to avoid such wear, the 
legs were covered with Teflon tubing, but wear of the 
tubing (and then wear of the legs by the disc) was not 
avoided. At the time of these observations, there were 
other valves already in clinical use that used the combi- 
nation of a titanium cage and poppet. Our conclusion 
from the above studies was that, from the practical 
standpoint, the best solution was to cover the valve rim 
with polypropyiene mesh or Dacron and leave the legs 
bare. Such a valve was introduced clinically. It had rather 
limited use, but suffice it to say the same problems 
persisted clinically as in the experimental animal. 


Full-Orifice Double-Cage Valve (Cutter-Smeloff 
Type) ` : 


The final modification of the low-profile caged-lens valve 
was to develop a full-orifice double-cage valve of the 
Cutter-Smeloff. design. Whereas this valve functioned 
well in dogs, it was not used clinically by us, but a similar 
design was used by Cooley as the Cooley-Cutter low- 
profile valve. 

Three years’ early experience with 224 Cross-Jones 
valves implanted in the mitral or tricuspid area in 214 
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patients indicated that long-term durability and function 
of the valve were satisfactory. The incidence of fatal 
clotting complications with the 224 valves was 3.5%; the 
incidence of nonfatal nonthromboembolic problems was 
8.7% with 196 valves in place for 1 month or more. 
Although it was expected that covering the valve rim with 
Dacron mesh would decrease this incidence, it did not 
prove to be true. In a recent report [1] of 75 Cross-Jones 
valves examined after being in action for two days to 10 ` 
years, the only problems arose with valves with covered 
rims. As in the experimental animal, the covered rims first 
became encapsulated by a connective tissue layer and 
then became ulcerated until, finally, the polyester and 
connective tissue coverings cracked and curved up, re- 
sulting in a ragged bed. This in turn produced substantial 
peripheral wear of the discs causing valve insufficiency 
and, in several instances, actual escape of the discs from 
the cage because of excessive wear. In 19 uncovered 
prostheses, there was no sign of serious alteration. The 
discs were not deteriorated or worn, and the valve beds 
were smooth up to 10 years after insertion. 
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The Medtronic Hall Heart Valve: Background, 
Latest Results, and Future Work 


Karl Victor Hall, MD 
Rikshospitalet, Oslo, Norway 


Background 


NG with just over four million people, has the 
smallest population of the Scandinavian countries. 
Rikshospitalet, the Federal University Hospital, is located 
in Oslo. Open heart surgery began there in 1958 and 
implantation of valve prostheses in 1964. During the 
1960s, ball valves were predominantly used. This new 
technique saved the lives of many Norwegians, but cases 
of thromboses and embolization indicated that ball valves 
were not the final answer to the problem. In addition, the 
hemodynamic performance of these valves in small aortic 
ostia was less than satisfactory. In the mitral position, ball 
valves required space in the left ventricle and could 
present a hindrance in the outflow tract. 

The introduction of the tilting-disc valve around 1970 
attracted our inierest because of its low profile and better 
hemodynamic performance. The new material of the 
occluder, pyrolytic carbon, seemed to be a better choice 
than plastic, which could fail for a variety of reasons, and 
the principle of a rotating disc, we felt, could eliminate the 
wear problem of the Wada-Cutter disc valve. 

We were first offered the Bjérk-Shiley valve, and we 
used it for a few months before the Lillehei-Kaster valve 
was offered to us for preclinical trials. Which one of the 
two valves was preferred? The larger opening angle of the 
Lillehei-Kaster valve, I supposed, must result in less 
resistance to forward flow than was the case with the 
Bjérk-Shiley valve. On the other hand, the nonocclusive 
principle of the Bjérk-Shiley valve offered a greater flow 
area within the valve ring. . 

A problem of a different nature was the personal 
relationship I had with the surgeons Björk and Lillehei. 
Lillehei has Norwegian roots, and Björk was a friend in 
the neighborhood. These circumstances inspired me to 
start a randomized study of the two disc valves, which 
provided these results: 


1. The nonoverlapping, or full-orifice, principle of the 
Bjérk-Shiley valve was better than the overlapping disc 
in the Lillenei-Kaster valve. In theory, the Lillehei- 
Kaster 80-degree valve should have less resistance to 
flow than the Bjérk-Shiley 60-degree valve because of 
the larger opening angle. But roentgenographic studies 
showed that the in vivo opening angle was actually 
less than 60 degrees in the Lillehei-Kaster valve. 

2. The Lillehei-Kaster valve caused more hemolysis. 
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3. The problem of mechanical failures seemed to have 
been solved, but there was still an unacceptable num- 
ber of cases of valve thromboses among the disc valve 
patients. Autopsies revealed that these thromboses 
were located on the outflow side of the valve and 
around the smaller opening. An important finding was 
that the postoperative contrast studies showed a zone 
of stagnant flow behind the disc in the aortic position. 
A weak point of the Bjérk-Shiley valve was that the 
edge of the disc touched the valve ring in the open 
position. Thrombotic material was regularly found at 

‘ this critical point in cases of valve thrombosis. 


The results of this randomized study encouraged me to 
modify the tilting-disc configuration to achieve a hybrid of 
the two valves. We preferred the nonocclusive principle 
of the Bjérk-Shiley valve, in order to have the largest 
possible orifice area. We utilized three additional design 
principles: (1) to reduce the stagnant flow behind the disc 
and reduce resistance to forward flow, the valve had to 
open clinically to more than 60 degrees; (2) to establish a 
clearance between the edge of the disc and the orifice 
housing and allow the blood to wash away the platelet 
aggregates at the “critical” point mentioned earlier, we 
introduced a sliding movement of the disc when it 
opened; and (3) to increase the small opening, we moved 
the tilting axis further toward the center of the valve ring, 
compared with the previous two designs. 

But all of these changes might delay the closure of the 
disc and thereby establish a leak. How far could we go 
without creating an incompetent valve? It was obvious 
that a pulse-duplicator had to be available and several 
prototypes for testing as well. 

I lacked the funding to undertake such a costly en- 
deavor, but a friend of mine named Arne Woien got 
things started. He is a physicist and a businessman with 
sufficient funding to support worthwhile projects. Also of 
decisive importance was the inclusion in the team of 
Robert Kaster, who had been instrumental in the con- 
struction of the Lillehei-Kaster valve. All three of us 
contributed equally to the design of the Hall-Kaster valve, 
which is now called the Medtronic Hall valve (Fig 1). The 
design of the standard valve has been unchanged since 
the first clinical implantation. This design incorporated 
features to address all three problems: (1) the valve 
opened to 75 degrees (70 degrees in the mitral position); 
(2) a sliding movement at the end of opening and the start 
of closing, achieved by having a disparity in size between 
the diameters of the end of the rod guide and the hole in 
the disc, allowed the disc to move clear of the orifice; and 
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Fig 1. Medtronic Hall heart valve, originally called the Hall-Kaster 
valve, 


(3) the disc pivots were located more centrally in the 
orifice, creating a proportionally larger minor orifice. 

In vitro comparisons showed that the hemodynamics of 
the new valve compared favorably with those of the 
Bjérk-Shiley and Lillehei-Kaster valves: the valve exhib- 
ited lower gradients and higher cardiac output with 
increasing left ventricular pressure. 

The first implantation was performed in June 1977. 
Intraoperative studies and recatheterization studies 3 
months after operation showed that the Medtronic Hall 
valve had lower resistance to forward flow compared with 
the previous tilting-disc designs. The 21-mm aortic valve 
had a mean peak-to-peak gradient of 12 mm Hg at rest, 
which increased to 15 mm Hg at work, and the 27-mm 
mitral valve had a gradient of 3 mm Hg at rest [1]. 


Latest Results 


The worldwide experience is now approaching 100,000 
implants, and extends beyond 11 years. It is exceptionally 
satisfying to see that the concepts we incorporated into a 
design so many years ago have resulted in clinical benefits 
to so many patients. 

The most recent results from our institution were pre- 
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sented at the latest meeting of the American Heart Asso- 
ciation [2]. This review of our entire series of over 1,100 
patients spanned 10 years and 5,000 patient-years. Our 
standard follow-up of these patients included annual 
questionnaires, as well as close contact with local physi- 
cians and hospitals whenever necessary. We demon- 
strated an incidence of thromboembolism of 1.3% per year 
in both the aortic and mitral positions, and 1.8% for 
double-valve replacement. Thrombosis rates were 0.1% 
per year in both aortic and mitral positions, and 0.2% per 
year for double valve replacement. These rates of throm- 
boembolic complications were shown to compare favor- 
ably with those in recent reports of large series with other 
valve models, supporting the goal that our design 
changes were intended to produce. 

In addition to the previously demonstrated excellent 
hemodynamic performance of the Medtronic Hall valve, 
our 10-year review demonstrated that long-term perfor- 
mance is characterized by low risks of thromboembolism 
and thrombosis and no structural failure. We believe that 
we have optimized the tilting-disc design and achieved a 
substantial improvement in results compared with the 
previous tilting-disc designs. 


Future Work 


Personally, I believe that the problem of mechanical 
reliability has been solved. As for hemodynamics, I be- 
lieve that the function of the present mechanical valve is 
fully satisfactory for clinical purposes, even in the smaller 
sizes. 

Although the remaining problems of thrombosis and 
thromboembolism, provided optimal anticoagulation is 
achieved, affect a relatively small proportion of the pa- 
tients, these problems still need to be resolved in even the 
best mechanical valves. It is astonishing how little atten- 
tion has been paid to research concerning the sewing ring. 
Of the 5 cases of valve thrombosis we have seen, all have 
had some connection with the sewing ring. The high 
shear rate and polished surfaces in the central stream 
have never initiated thromboses. I am convinced that we 
will see improvements and in time will solve the remain- 
ing problem of thrombotic complications. 
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Carbon in Prosthetic Heart Valves 


Jack C. Bokros, PhD 


Carbon Implants, Inc, Austin, Texas 


yrolytic carbon of the sort developed for use in the 

generation of nuclear power was first used clinically 

in a prosthetic heart valve in 1969 [1]. Its emergence as a 

material showing promise for use in constructing pros- 

thetic heart valves was preceded by a development that 

can be likened to a confounding riddle, with many- 
faceted clues, that persistently evaded solution. 

The development stems from a report in 1925 by 
Abramson [2] that cellular and molecular elements of 
blood carry a negative charge. This observation, together 
with the report by Sawyer and Pate [3] that the inner 
lining of blood vessels was negatively charged with re- 
spect to the outer surface, led Gott and associates [4] to 
reason that if they put a negative charge on a prosthetic 
valve, it would not clot. To test the idea, specimens coated 
with a conducting carbon paint and connected to a battery 
were implanted in canine venae cavae, Indeed, when a 
specimen was charged positively, it clotted; when it was 
negatively charged, it did not clot. In one experiment, 
however, the electrical lead broke and the specimen with 
no charge did not clot. 

Although carbon-pigmented paint appeared to be 
thromboresistant, this was not really the case. After 
careful sterilization studies of the carbon paint, Gott and 
associates [4] found that the paint was only thrombore- 
sistant when it was soaked first in benzalkonium chloride 
and then in heparin solutions. There appeared to be a 
chemical bond between heparin and benzalkonium ions 
and between benzalkonium and carbon. 

A chance reading of a report by Gott and co-workers [5] 
in 1965 led to a collaboration between Gott’s medical 
research team and our group, which was developing 
carbon materials for use in nuclear reactors at General 
Atomic Company (San Diego, CA). Results from these 
collaborative studies (funded by the National Institutes of 
Health’s Artificial Heart Program) showed that the con- 
ductive carbon paint per se was not thromboresistant. 
Rather, it was shown to possess a surface porosity in 
which benzalkonium and heparin molecules reacted dur- 
ing the preimplantation treatment to form a gelatinous 
benzalkonium/heparin complex that, when placed in 
blood, slowly eluted heparin and caused the thrombore- 
sistance. 

A surprising finding was that the polished surface of 
isotropic pyrolytic carbon, in spite of its inability to bind 
either benzalkonium or heparin, was inherently thrombo- 
resistant. This led to the development of a pyrolytic 
carbon, called Pyrolite carbon, that was first used clini- 
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cally in the DeBakey aortic prosthesis and then in the Beall 
mitral, Lillehei-Kaster, Bjérk-Shiley, and other prostheses 
that followed. . 

The use of pyrolytic carbon in the St. Jude valve 
represents an important advance, because that valve was 
the first with fixed pivots to become clinically successful. 
The valve’s success was due as much to the remarkable 
wear-resistance of carbon rubbing on carbon as it was to 
its biocompatibility, and led to the all-carbon Duromedics 
and CarboMedics valves—and a number of others that are 
still under development [6]. 

During the 19 years since the first clinical use in 1969, 
more than 1.4 million carbon components have been 
produced for use in about 1 million valves. This usage is 
estimated to represent an experience of over 5 million 
patient-years. The acceptance of pyrolytic carbon is due to 
the fact that it possesses a combination of biocompatibility 
and durability that is unmatched by any other material, 
Even so, the development continues; the ideal prosthetic 
valve still does not exist. 

Although the hemodynamics of tissue valves have been 
improved dramatically, there remain serious deficiencies 
in durability due to material fatigue that is accelerated by 


. calcification. Hence, use of mechanical valves is currently 


favored. Improvements in tissue valves will be difficult, 
and, because of the long-term testing required to prove a 
result, will likely be slow to come. Mechanical valves, on 
the other hand, are sufficiently durable but lack thrombo- 
resistance, so that anticoagulation therapy is required, 
with possible attendant bleeding problems. 

The thrombogenicity of mechanical valves is thought to 
be due primarily to inadequate hemodynamics; eg, exces- 
sive turbulence and high shear stresses during forward 
flow and/or imprecisely designed leakage that is allowed 
back through the pivot mechanism for washing. 

The washing of the pivots of the Duromedics valve is an 
example that illustrates the concept of washing by back- 
flow leakage. In the closed position, the leaflets of this 
valve rest on seating lips so that there is no contact in the 
hinge mechanisms and clear, smooth pathways exist for 
leakage and concomitant washing. When the valve is 
closed and the pressure differential across the valve peaks 
to its maximum, backflow is supposed to scour the pivots, 
eliminating stases and, at the same time, avoiding jetting 
that can lead to hemolysis or other manifestations of 
blood trauma that can cause clotting [7]. 

There is also opportunity for improvements in the 
quality of forward flow through mechanical valves. Both 
the St. Jude and the CarboMedics valves use flat leaflets; 
the leaflets of the Duromedics valve are curved about axes 
perpendicular to the pivot axes, so that all three valves 
project a straight profile inclined to the valve axis when 
open and viewed parallel to the pivot axis. It is likely that 
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improvements in the quality of flow can be realized if the 
leaflets in the cpen position are optimally curved about 
axes that are perpendicular to the valve axis, so that flow 
separation is surpressed. Accordingly, bileaflet valves 
with improved micro and macro flow characteristics that 
are less traumatic to blood might eliminate or reduce the 
need for anticoagulation therapy. 
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The Ball Valve Experience Over Three Decades 


Jeffrey S. Swanson, MD, and Albert Starr, MD 
The Heart Institute at St. Vincent Hospital and Medical Center, and the Division of Cardiopulmonary Surgery, The Oregon Health 


Sciences University, Portland, Oregon 


Į was more than 30 years ago that a retired electrical 
engineer named Lowell Edwards came to the office of 
Dr Albert Starr at what is now The Oregon Health 
Sciences University in Portland, Oregon, and proposed 
that together they build an artificial heart. Mr Edwards 
was advised that this plan was a little ambitious at that 
time, but that a prosthetic heart valve would be a more 
attainable goal. Over the succeeding years the collabora- 
tion of these two men at The Oregon Health Sciences 
University led to the design and methodical testing of the 
Starr-Edwards Silastic ball prosthesis. This work was 
eventually rewarded by the first successful human mitral 
valve replacement performed on September 21, 1960, in a 
52-year-old man with calcific mitral stenosis [1]. 

The very earliest prosthetic configuration they tested 
had a cloth sewing ring for fixation and a rigid Teflon 
body to maintain its shape. The closing mechanism was 
composed of a central Silastic bileaflet device. Several 
different types of leaflet configurations were tested in 
dogs, and all of these thrombosed within a matter of days. 

Two of the major problems addressed during the early 
years of experimental work were that of thrombosis and 
that of how to affix the device to living tissue. This latter 
obstacle had to be resolved so as to provide for a perma- 
nent implant without perivalvular leak. For this reason 
the sewing ring was modified to a multilayer structure to 
provide for compressibility and avoid annular ulceration. 
With regard to valve thrombosis, it was reasoned that this 
complication might best be avoided if some discontinuity 
could be provided between the prosthetic orifice and the 
closing mechanism. This was the case’ for a ball valve. 
Nevertheless, in the dog, the problem of early thrombosis 
was difficult to solve. Thrombus invariably started at the 
zone of injured endocardium at the tissue—prosthesis 
‘interface. This material would then propagate in a cen- 
tripetal fashion and obstruct the central orifice of the 
valve, usually over a period of about 3 weeks. 

Valve thrombosis was eventually circumvented with 
the use of a peripheral Silastic shield mounted on the 
valve [2]. This shield could be retracted out, of the way 
during implantation and then laid down to cover the zone 
of injured endocardium circumferentially. The shielded 
ball valve allowed for 80% long-term survival when im- 
planted in the mitral position in dogs. With this long-term 
survival it was then possible to demonstrate actual heal- 
ing at the cloth-tissue interface, and it was seen that this 
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Fig 1. Operative mortality by implant year for Model 6000. 


encapsulation stopped at the junction between cloth and 
metal. 

The first commercially available ball valves were com- 
posed of four stellite struts joined at the apex of the cage 
and had a woven multilayer sewing ring and a radiolucent 
poppet. These valves were used between 1960 and 1965. 

These early years of clinical valve replacement were 
instructive in a number of ways. First, the surgical proce- 
dure was mastered. This is demonstrated by the rather 
steep “learning curve” beginning with 50% operative 
mortality for the 4 cases done in 1960 and progressing to 
very acceptable levels of operative risk 5 years later (Fig 1). 

It was also learned that, although patient survival was 
distinctly improved in comparison with the natural his- 
tory of the disease, there was nevertheless a continuous 
attrition of patients with ‘time. The long-term survival for 
these early patients approximated 80%, 60%, 40%, and 
20% at 5, 10, 15, and 20 years postoperatively [3]. But 
it was also determined by regression analysis that 
long-term survival was related to intrinsic patient pre- 


Table 1. Thromboembolism Rates of Mechanical Mitral 
Valves: 1983-1987 


Thrombo- 
Patient- embolism 
Model Reports Years Rate 
Starr-Edwards 9 19,949 4.4 
Björk-Shiley 9 6,188 3.3 
St. Jude 11 4,104 1.6 
Medtronic Hall 7 4,053 2.6 
Omniscience 5 1,017 2.8 
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Table 2. Thromboembolism Rates of Mechanical Aortic 
Valves: 1983-1987 


` Thrombo- 

Patient- embolism 
Model Reports Years Rate 
Starr-Edwards 7 21,760 2.3 
Björk-Shiley 9 7,753 1.9 

St. Jude 1 5,418 14 ` 
Medtronic Hall 6 6,570 ` 1.8 
Omniscience - 4 753 2.7 


l operative characteristics such as age, cardiac index, pre- 


vious heart operation, and associated aortic disease rather 
than the prosthesis | itself [4]. The Model 6000 was modi- 
fied ‘to extend -the cloth covering toward the orifice and 
impregnate the ball with barium sulfate to make it radi- 
opaque. The result was the Model'6120, which has been 
available continuously. without: change since 1965. Be- 
cause of the successful results with the mitral design, an 
aortic model with three struts was developed, and similar 
modifications resulted in the current Model 1260, which 
was introduced ir: 1968. While the Models 6120 and 1260 
continued to be used worldwide, an attempt to reduce 
thromboembolism in the mid-1960s led to the develop- 
ment of a totally cloth-covered series of valves and the 
50- -called “track valves,” which all had hollow stellite 
poppets rather than a Silastic ball. 

' In the late 1960s and early-1970s, while the cloth- 
covered models were being explored, however, data 
continued to accumulate on the Models 6120 and 1260 
Silastic ball valves.. They showed that the cloth-covered 
valves offered no advantage and that they had an acoustic 
disadvantage. Furthermore, with- cloth wear there was 
increased hemolysis. For these-reasons, the cloth-covered 
valves were abandoned in 1982. 

“In the many years since the introduction of the Starr- 
Edwards valve, many other mechanical prostheses have 


4 bercent Per Year 
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Fig 2. Pooled thrombosis rates for mechanical mitral valves: 1983- 
1987. 
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Fig 3. Pooled thrombosis rates for mechanical aortic valves: 1983- 
1987. 
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been developed and marketed. Quite recently we have 
had the opportunity of pooling the data from a number of 


‘reports in the literature concerning the Starr-Edwards 


valve and a number of other popular mechanical valves 
[5]. Recognizing the pitfalls of statistical comparison of 
prosthetic valves, we were struck by the wide scatter of 
reported thromboembolic and thrombotic rates for any 
given valve in different series. Pooling these results to 
provide overall averages allows the comparisons seen in . 
Tables 1 and 2 and Figures 2 and 3: A striking difference 
is seen in the amount of follow-up available for the 
Starr-Edwards valve when compared with the more re- 
cently developed mechanical valves. Thromboembolic 
rates for all mechanical valves are of comparable magni- 
tude but may be somewhat less for more recently devel- 
oped prostheses, though this remains to be confirmed by 
extended follow-up and reporting. ‘Comparison ¢ of pooled 
thrombosis ratés for these mechanical valves shows that 
the Starr-Edwards valve compares quite favorably with 
the other mechanical prostheses; in particular, this com- 
plication was definitely greater for the tilting disc valves. 
Finally, when mechanical structural failure is considered, 
there remain no reported incidents of this catastrophic 
complication with the. Starr-Edwards Silastic ball valve. 
For these reasons the Starr-Edwards valve. remains our 
mechanical’ valve of choice. 
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“It Will Never Work!”—The St. Jude Valve 


Manuel A. Villafana 


St. Jude Medical, Inc, Minneapolis, Minnesota 


F March 1976 I was in Tokyo, Japan, meeting with 
several physicians talking about the possibility of de- 
veloping a new valve. Our friend Juro Wada was one of 
those physicians, and we had just finished developing the 
first lithium-powered pacemaker (Cardiac Pacemakers, 
Inc). We had no previous experience in heart valves, and 
therefore no previous myopia. We received many com- 
ments. 


“Manny, rheumatic fever is being eradicated—there is 
no market.” 

“The market is insignificant—only $40 million.” (Today 
it’s over $200 million.) 

Our friend, Dr Friedberg said, “All you're doing is 
changing one bad disease for another bad disease.” 
“You'll never be able to raise the capital to start this 

project.” 


But one major thought did remain in my mind, and that 
was the comment of Dr Victor Parsonnet, who said to me, 
“Manny, what we need, more than anything else, is a 
good heart valve.” 

So we proceeded. Our first conflict was the name of the 
company. I called on my good ‘friend Dr H. David 
Friedberg and asked him if hé, being of the Jewish 
religion, would be offended by a company named “St. 
Jude Medical, Ine.” His comment to me was, “Manny, St. 
Jude was a fine Jewish boy.” 

We began with a design that was introduced to us by an 
engineer, Chris Possis, which was a bileaflet design. 
However, we immediately had to abandon it as that 
design would not work at all. It is important to remember 
that we had no previous experience in heart valves, so we 
were unable to determine if a design that was handed to 
us would have any chance at all. But we did make one 
decision, a decision that I’m sure is surprising to the 
medical profession: we decided that the valve would be all 
carbon, because of carbon’s nonthrombogenic properties, 
and bileaflet, because this would make a marketing im- 
pact. That is to say, we would make a valve different than 
anything else. Surprisingly, this was not a scientific deci- 
sion, although later it proved to be the best scientific 
decision we ever made. We began trying everything—we 
even went home, unrolled the toilet paper, and kept the 
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cardboard tubes so that we could cut them up and use 
them to make different designs. We tried different designs 
in our bathtubs at home; we made clay models. Our 
nonvalve engineer, the gadgeteer Don Hanson, with the 
input of our other officers (Bill Palmquist and Peter 
Gombrich), devised the design that we would eventually 
use. a 

But then we were faced with the question, “Will it ever 
work?” When we decided to go-into carbon, various 
doctors told us discouraging things. 


“It can’t be made!” 

“One must have a floating disc; no fixed pivotal area.” 

“You will never be able to put the leaflets inside the ring 
without breaking the ring.” (This turned out to be our 
biggest challenge.) 

“Too expensive—carbon is like diamonds and it will be 
very expensive to manufacture a valve—the cost will 
be prohibitive.” (It is true that when we introduced 
this valve, it was already twice as expensive as the 
most expensive valve on the market.) ` 

An expert in valve design said, “It won’t work. You 
have no flow around the pivot guards.” 


When we did start collecting our animal data, we had 
our first good sign. We had valves working in animals for 
rather long periods of time, and we implanted valves in a 
total of 33 calves. Finally, our good friend Dr C. Walton 
Lillehei told us that we had done more animal work than 
anyone else, and we proceeded. 

It is important to bear in mind that when we did our 
first human implantation we had certain guidelines from 
the Food and Drug Administration, but no regulations. 
The law had been enacted in May 1976, but the actual 
rules and requirements were not written until after we 
began our clinical studies. 

These studies proceeded very well and rapidly with Dr 
Demetre Nicoloff doing the first implantation in Minne- 
apolis on October 3, 1977. Our friends throughout the 
world helped us in evaluating this new and exciting valve, 
and the results were excellent. Although we asked them 
only to do a few valves, many of them insisted on 
continuing the study with more and more patients. At 
that time we had no restrictions from the FDA, but when 
the guidelines were finally put in place (July 1981), the 
requirements called for only 250 implantations. By that 
time we already had several thousand. This caused some 
undue concern at the FDA, and it looked like our young 
company with its great valve was going to be closed 
down. Fortunately, our friends helped us with the FDA. 
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and we were able to overcome this difficulty in about 18 
months. 

On the other hand, the reception we got from certain 
physicians were very difficult. It almost looked like the 
saying “It will never work!” was about to come true. “We 
need 5 years of data,” we heard from some. “We have 
asynchronous closing—this is bad,” from others. And still 
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others said: “This valve is too complex—we have three 
pieces instead of two pieces.” For a while it appeared as if 
we had come to the end. The clinical results, however, 
were overwhelming, and today the St. Jude valve is the 
most prescribed valve; almost a quarter of a million 
implantations have been performed around the world 
over the last 12 years without a single design change. 


The Design Simplicity and Clinical Elegance of the 
St. Jude Medical Heart Valve 


John H. Wang, BS 


St. Jude Medical, Inc, St. Paul, Minnesota 


S: Jude Medical was founded in July 1976 to develop a 
new, central-flow, pyrolytic carbon, bileaflet pros- 
thetic heart valve. Earlier concepts of a bileaflet valve that 
provided a design basis included the graphite-benzalko- 
nium-heparin coated, central-hinging, silicone/Teflon 
bileaflet Gott-Daggett valve [1], which was first clinically 
implanted in 1963, and the titanium, low-profile, central 
flow, hingeless, double-leaflet Lillehei-Kalke valve [2], 
which was clinically implanted only once, in 1968. Pyro- 
lytic carbon was selected as the material of choice for the 
St. Jude Medical valve components because of its excellent 
thromboresistance, wear resistance, and fatigue resis- 
tance. , 

The design objective of St. Jude Medical was to develop 
a valve that satisfied the features of an “ideal” valve. 
These features included minimal pressure gradient, he- 
molysis, turbulence, and stasis; limited regurgitation; and 
maximum thromboresistance and durability. In addition, 
the ideal valve had to be low in profile with a high 
effective orifice area to tissue annulus diameter ratio, and 
could not be dependent on chronic anticoagulation ther- 
apy. 

The design of the St. Jude Medical valve evolved 
through concentrated development and testing efforts. 
Initial prototypes were constructed by September 1976 
that consisted of both pyrolytic carbon orifice rings with 
the original “butterfly” pivot design concept and simple 
aluminum valves with two semicircular leaflets retained 
with pins. To optimize the pivot location of the leaflets, 
steady flow tests were conducted through October 1976 
using the aluminum valve prototypes with the leaflets 
pinned in over 90 different configurations of pivot area 
separation and axial location. 

The final design of a 26-mm bileaflet pyrolytic carbon 
valve was completed in November 1976. The key design 
features of this valve included an orifice ring with integral 
pivot guards that housed spherically radiused “butterfly” 
pivotal areas and two leaflets with integral retention 
“ears.” The orifice pivot guards were positioned up- 
stream of the orifice throat. The leaflets were allowed to 
rotate or pivot within the butterfly cavities via the ears. 
The unique pivot design permitted leaflet retention and 
control of leaflet opening and closing angles without the 
use of pins or struts, allowed for central opening, and 
permitted complete washing around all exposed leaflet 
surfaces. 
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Major manufacturing issues were resolved and a proto- 
type of the 26-mm carbon valve was made by February 
1977. Critical dimensions, tolerances, and clearances were 
refined for the 26-mm valve by May 1977 through inten- 
sive steady flow, pulse duplicator, and flow visualization 
studies. The design for the full range of valve sizes (19 
mm through 31 mm) was final by September 1977. 

In vitro performance studies of the St. Jude Medical 
valve demonstrated effective hemodynamics and durabil- 
ity. Pressure gradients were found to be lower than those 
of the Hancock, Bjérk-Shiley, Starr-Edwards, and Lillehei- 
Kaster valves, based on steady flow and pulse duplicator 
studies. In addition, a high flow orifice to tissue annulus 
diameter was shown. Flow visualization revealed central 
flow with minimal turbulence, stasis, and vortices [3]. 
Based on accelerated life testing, the valve life was pro- 
jected to exceed 100 years with intrinsic strength to 
withstand over 20 times the maximum physiological pres- 
sures before fracture [4]. 

In vivo animal performance studies of the St. Jude 
Medical valve confirmed its readiness for human implan- 
tation. Calf studies were conducted at the University of 
Texas, University of Minnesota, and the’ Mayo Clinic. 
Valves were implanted in the tricuspid and mitral posi- 
tions. No chronic anticoagulation therapy was adminis- 
tered. Calves were killed at 4, 8, 12, and 18 weeks. Results 
indicated no thromboembolism, no hemolysis, no me- 
chanical failures, limited regurgitation, and no valvular 
interference with anatomical structures. Two tricuspid 
valves were found to have thrombosed, and two devel- 
oped thrombus without impeding leaflet motion. Pres- 
sure gradients increased as the calves grew [5]. 

The final design features of the St. Jude Medical valve 
defined its simplicity and functionality. The bileaflet con- 
figuration provided central, evenly distributed flow pat- 
terns with small areas of flow separation, minimal flow 
resistance, low profile, large effective orifice area, and 
ease of surgical implantation. The highly polished, sili- 
con-alloyed pyrolytic carbon material used for both the 
orifice and leaflets provided maximum thromboresis- 
tance, durability, and wear resistance. The controlled 
dimensional clearances between the orifice and leaflets 
provided complete washing of all exposed surfaces, min- 
imal hemolysis, limited regurgitation, and free leaflet 
motion. The seamless, double-velour Dacron sewing cuff 
provided rapid and controlled tissue ingrowth and mini- 
mal thrombosis and thromboembolism. The optimally 
spaced and positioned pivot locations provided full, sta- 
ble, responsive leaflet opening and closing and minimal 
leaflet exposure. The orifice butterfly and leaflet ear pivot 
geometries permitted “free floating” leaflet rotation and 


Ann Thorac Surg 1989;48:S55-6 + 0003-4975/89/$3.50 


S56 WANG 
ST. JUDE MEDICAL HEART VALVE 


















































Fig 1. St. Jude Medical Bileaflet Prosthetic Heart Valve. 


retention without the use of hinge pins or struts and full 
85-degree opening and 30 to 35-degree closing. 

The clinical elegance of the St. Jude Medical heart valve 
has continued to be proven since the first human implan- 
tation occurred in October 1977. Over 200,000 St. Jude 
Medical valves of the same design have been implanted. 
The low clinical complication rates are best illustrated by 
the results of a 10-year follow-up of 1,275 patients (94% 
followed) by Arom and associates [6], in which the rate for 
thrombosis was 0.05% per patient year; for thromboem- 
bolism, 1.0% per patient year; for hemorrhage, 0.78% per 
patient year; and for paravalvular leak, 0.12% per patient 
year. 

The efficient hemodynamics of the valve are best illus- 
trated by the cardiac catheterization data obtained at least 
30 days postoperatively from primary and secondary 
clinical study centers and reported by Lillehei [7]. The 
aortic valve peak pressure gradients were reported as 11.0 
+ 2.89 mm Hg for 19-mm valves to 2.07 + 0.82 mm Hg for 
25-mm valves. The mitral valve pressure gradients were 
1.81 + 0.57 mm Hg for 27-mm valves to 2.2 + 1.28 mm Hg 
for 31-mm valves. The aortic valve effective orifice areas 
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(Gorlin) were 1.38 + 0.15 cm? for 19-mm valves to 2.62 + 
0.17 cm? for 25-mm valves. The mitral valve areas were 
3.03 + 0.37 cm? for 27-mm valves to 4.30 + 1.15 cm? for 
31-mm valves. 

The long-term clinical durability of the valve is best 
illustrated by the absence of any reported pattern of 
structural failure caused by design or materials and the 
absence of any measurable wear or device deterioration 
on valves explanted at 8.5 years and at 11.0 years and 
analyzed by scanning electron microscopy. 

In summary, the central-flow, pyrolytic carbon, bileaflet 
St. Jude Medical heart valve (Fig 1), which has its roots in 
the earlier bileaflet concepts of the 1960s, represents a 
simple yet highly functional valve design whose excellent 
clinical performance since 1977 attests to its clinical ele- 
gance. Although the valve satisfies many of the features 
of an ideal valve such as long-term durability, nonthrom- 
bogenicity, and hemodynamic efficiency, its clinical de- 
pendence on chronic anticoagulation persists. The clinical 
need remains for an ideal prosthetic heart valve that does 
not require chronic anticoagulation. 
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Elimination of the Cloth Sewing 
Ring—Metal Interface in an Effort to 
Decrease Thromboembolism 


Arthur C. Beall, Jr, MD 


Surgical Service, Veterans Affairs Medical Center, and Department of Surgery, Baylor College of Medicine, Houston, Texas 


Doo of caged-ball cardiac valve prostheses 
allowed total replacement of diseased valves [1, 2]. 
Clinical use of these prostheses resulted in substantial 
hemodynamic improvement in most patients with symp- 
tomatic acquired cardiac valvular disease [3, 4]. However, 
long-term experience with these caged-ball prostheses 
demonstrated a substantial incidence of thromboembolic 
complications, even with the use of anticoagulants. In a 
5.5-year follow-up of a large group of patients receiving 
mitral valve replacement, deaths due to thromboembo- 
lism were not exceeded by any other cause of late death 
[5]. 

Therefore, attempts were made to design a mitral valve 
prosthesis that would not be associated with such a high 
incidence of thromboembolic complications. Because it is 
believed that most thrombus formation associated with 
valve prostheses originates at the junction between the 
cloth sewing ring and the metal of the prosthetic base [6], 
this cloth-metal interface was eliminated by covering the 
entire base and sewing ring of a caged-disc mitral valve 
prosthesis with Dacron velour, a loop-pile that encour- 
ages the ingrowth of fibrous tissue [7]. Originally, cage 
legs of the prosthesis were covered with Teflon [8]. 
Long-term experience with this prosthesis (the Beall- 
Surgitool mitral valve prosthesis) demonstrated a low 
incidence of thromboembolism, even without the use of 
anticoagulants [9]. This low incidence of thromboembolic 
complications with the prosthesis was confirmed in a 
number of centers [10-13], and efforts then were aimed 
toward improving the prosthesis. 

First, the extruded Teflon disc (Model 102) was changed 
to a compression-molded disc (Model 103), due to reports 
of wear problems with the less dense extruded disc. Next, 
the primary and secondary orifices of the smaller sizes 
were enlarged (Model 104), due to reports of higher than 
desirable gradients across these sizes. Finally, efforts were 
made to construct the prostheses from more durable 
materials. 

Pyrolite carbon was used for coating both the cage legs 
and disc, while the Dacron velour covering of the base 
and sewing ring remained unchanged (Model 105). Wear 
studies in calves with scanning electron microscopic anal- 
ysis demonstrated less than 0.8% penetration of the 
Pyrolite carbon in 1 year. Repeat cardiac catheterization of 
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patients with this prosthesis demonstrated insignificant 
gradients across these prostheses, which had incorpo- 
rated the enlargement in primary and secondary orifices 
in all sizes, and again an exceedingly low incidence of 
thromboembolic complications was seen [14]. 

However, an unforeseen problem developed. in that as 
a material is made harder to reduce wear, ductility is 
decreased and the material becomes more brittle. If Pyro- 
lite carbon is mishandled, for example, if it is dropped or 
the cage legs of the prosthesis are bent, it can be cracked, 
which then concentrates stresses on the wire of the cage 
leg underlying the crack. This phenomenon resulted in six 
instances of fatigue fracture of a cage leg with escape of 
the disc. This was corrected by increasing the diameter of 
the wire of the cage legs underlying the Pyrolite carbon, 
and a package was developed in which the prosthesis 
could be sterilized by either steam or ethylene oxide, 
thereby protecting the prosthesis until the time of implan- 
tation (Model 106). 

Due to medicolegal concerns regarding all implants, the 
company originally manufacturing the prosthesis sold its 
entire line of heart valve prostheses to a smaller company. 
However, the valve prosthesis did not fit the product line 
of this company, and the valve prosthesis was sold to a 
still smaller company. Technically, the prosthesis is still 
on the market, but inventory of sizes has become so small 
that its use is no longer feasible. 
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esults of prosthetic valve operations vary substan- 
tially between surgical groups reporting on experi- 
ences with the same prosthetic valve. Conceivably, a 
“good” valve will perform poorly when implanted with 
shoddy technique or faulty judgment. 


Site Preparation 


Calcium removal is accomplished with a blunt curette, 
crushing nodules with a hemostat. This preserves the 
fibrous shell of the calcium nodules, thus providing a 
better suture retention site. Sharp dissection removes this 
fibrous base. Excessive debridement at the mitral annulus 
site, especially posteriorly, predisposes to atrioventricular 
rupture [1]. Excessively deep removal of the papillary 
muscles and excessive elevation of the heart out of the 
pericardial cavity, especially after valvular replacement, 
also predispose to ventricular rupture [2]. In the absence 
of excessive calcium and fibrotic obstruction, a case can be 
made for the retention of the posterior leaflet [2]. Oc- 
cluder dysfunction will occur if improperly resected chor- 
dae or excessively long tails on suture knots find their way 
into the pathways of moving valve components [3]. 


Valve Sizing 


There have been admonitions against oversizing pros- 
thetic heart valves during valve replacement since the 
dawn of valve surgery. This is especially true with the 
newer central flow valves (single pivoting disc or bileaflet 
valves). Under usual physiological demands, with the 
exception of the smallest valves, there is no clinically 
significant increase in cardiac output or difference in 
pressure gradients between valves of adjacent sizes. 
There is no advantage in inserting a valve one or two sizes 
larger than necessary. A relaxed heart, after removal of 
pathological annular tissue, presents an annulus exces- 
sively larger than its normal physiological condition and is 
a tempting target for an oversized prosthesis. A surgeon 
must predict the heart’s left ventricular contour after 
recovery to avoid oversizing [4]. Insertion of an oversized 
prosthesis stretches the annulus and can lead to rupture 
of the ventricle once the heart resumes function [5]. 
Chaux and Blanche [6] state that the use of an oversized 
prosthesis may result in applications of excessive force, 
which could cause dislodgement of the valve leaflets or 
cracking of the valve ring in the St. Jude Medical prosthesis. 

Conventional wisdom dictates that whenever in doubt 
about tissue clearance, use a smaller prosthesis. In a 
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narrow aortic root a Konno-type procedure is advisable 
[7]. The Lillehei-Kaster and Omniscience valves can be 
rotated after implantation for optimization of orientation, 
relative to the pathological anatomy of the heart. Orien- 
tation can compensate to some degree, in mechanical and 
tissue prostheses, for the effects of oversizing. 

Cortina and associates [8] reported on serially decreas- 
ing thromboembolic rates with three different prostheses 
between 1980 and 1983. Although the paper fails to 
address the statistically significant differences in preoper- 
ative patient characteristics within these groups, one 
notes that during the short course of the study (3 to 4 
years), the mean implant valve size decreased by more 
than 2°’mm (one valve size). This could explain the 
differences in thrombotic complications among the three 
patient groups, as the smaller the mean valve size, the 
lower the complication rate [9]. Starek and co-workers [10] 
warn of the dangers of oversizing, particularly in patients 
with an enlarged myocardium. For single-disc valves in 
the mitral position, when the larger orifice is oriented 
posteriorly, a smaller valve is recommended to avoid 
possible tissue interference, particularly when myocardial 
shrinkage is anticipated. An anterior orientation mini- 
mizes the potential of disc/tissue interference with the 
shrinking, recovering myocardium. Only severe septal 
hypertrophy would conceivably cause interference in this 
orientation. The difference in clinical results was apparent 
from a review of 18 centers [11] in a largely North 
American patient population study, where the average 
mitral size ranged from 26.5 mm to 30.5 mm. Generally, 
the surgeons using larger valves with a posterior orienta- 
tion reported higher thromboembolic complication rates. 


Tilt Dysfunction 

A large prosthesis can be wedged into a smaller orifice by 
tilting it out of the plane of the recipient orifice, distorting 
its presentation to the axis of blood flow. This may exceed 
the normal restraints of the prosthesis design. Antunes 
and colleagues [12] reported occluder dysfunction with a 
tilted prosthesis, causing the occluder to open beyond the 
axis of flow. “Over-opening’”’ can occur with pivoting disc 
valves as well as with bileaflet valves. The St. Jude 
Medical valve has the largest opening angle of all valves, 
thus making it more susceptible to dysfunction with a 
tilted implantation. An oblique tilt of 5 or more degrees, 
which is difficult to visualize at operation, can result in 
one of the leaflets opening past the axis of flow with 
delayed (asynchronous) closure and resultant regurgitation. 


Orientation 


Valve orientation sometimes involves a trade-off between 
optimal hemodynamic performance and the risk of tissue 
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interference. Ventricular hypertrophy, thickened mitral 
valve structures, hypertrophied septum, and small aortic 
root can affect ‘low patterns so that the hemodynamic 
ideal cannot be achieved. A compromise must be made. 


Aortic Valve 

When inserting an aortic pivoting-disc prosthesis, there 
seems to be agreement that the major orifice should be 
directed in a general anterior orientation. These recom- 
mendations varv over the 180-degree anterior spectrum 
[12-15]. Avoidance of tissue interference is the primary 
consideration. 

Ross and Roberts [16] and Chaux and Blanche [6] 
believe that incomplete or phased opening of the St. Jude 
Medical prosthesis can be brought about by interference 
with a hypertrophied septum or the anterior leaflet of the 
mitral valve, anc suggest placement of the valve with the 
leaflets perpendicular to the septum. 


Mitral Valve 


The orientation of five types of pivoting-disc prostheses 
was studied by Jones and associates [17]. Posterior orien- 
tation (major orifice toward the ventricular free wall) 
` showed physiolcgical velocity profiles and laminar flows. 
Björk [18] recommends this posterior orientation because 
of hemodynamics. Hall [15], however, recommends an 
anterior orientation (large orifice toward the septum) to 
eliminate the possibility of disc interference with hyper- 
trophied structures on the mural side. Our studies [11] 
indicate the anterior orientation is more forgiving to 
`- patient-related anomalies and surgical factors, especially 
when oversized valves are used and when myo 
shrinkage occurs during the recovery stage. 

Chaux and Blanche [6] recommend placing the ee 
of the St. Jude Medical valve perpendicular to the natural 
commissures to decrease the incidence of asynchronous 
leaflet closure. 


Suturing Techniques 


Too often the sewing ring of a prosthesis is treated as a 
gasket by which one may attach a hard housing ring to 
soft heart tissues. The sewing ring should be soft and 
compliant to absorb the forces of the heartbeat on the 
suture/tissue attachment. To take advantage of the sewing 
ring compliance, sutures should be placed no deeper than 
the outer third of the sewing ring. Suture “bites” placed 
more deeply, toward the housing ring, will result in the 
loss of most of the fabric compliance. This leads to more 
stress developing at the suture sites of the annular tissue, 
predisposing to compromised attachment and possible 
paravalvular leaks. 

The selection of suture materials, the placement of 
stitches (continuous, interrupted, horizontal, or vertical 
mattress), and the use of pledgets is most subjective. 
Literature references applaud all conceivable combina- 
tions. The best lesson to learn is to use great care and be 
comfortable with the technique you use. 


Summary 


Clean site preparation for a prosthesis is mandatory to 
avoid tissue interference with the prosthesis. Oversizing 
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of a prosthesis is fraught with peril. In all types of 
prostheses, orientation has importance. A prosthesis is 
designed with consideration for axial flow. Tilting the 
valve in implantation will likely result in a dysfunctional 
valve. The sewing ring serves not as a gasket but as an 
additional factor that increases the possibilities of success 
ofa properly implanted valve by taking advantage of its 
naturally compliant features. 
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he Lillehei-Kaster (LK) cardiac valve was implanted by 
C. W. Lillehei in 1970 [1], in an attempt to overcome 
the limitations of other valvular designs of the day. The 
LK valve consists of a free-floating, pivoting disc made of 
pyrolytic carbon, which is inserted into an integrally 
machined titanium housing. The disc moves to an open- 
ing angle of 80 degrees, and is retained by two curved 
projections which extend above the valve. The hingeless 
disc, which rotates freely within the housing, is one of the 
first attempts to achieve central flow. The overall profile 
was substantially reduced from earlier valve configura- 
tions to minimize the risk of anatomical interference. The 
disc configuration has been exceptionally durable, with 
only 1 case of disc fracture (which was successfully 
reoperated) reported in the literature [2] out of more than 
50,000 implants worldwide. The integrally machined tita- 
nium housing (no welds or solders) has had no structural 
problems through its 18-year history. __ 

The clinical results with this prosthesis are generally 
good. A recent study by Olesen and colleagues [3] involv- 
ing 876 patient-vears in patients who received mitral valve 
implants between 1972 and 1980 showed 10-year freedom 
from valve-related morbidity and mortality to be 66%, and 
from thromboembolism, 76%. However, the in vivo he- 
modynamic performance of the LK valve has been poorer 
than anticipated: Various authors [1] noted that high 
pressure gradients persist in smaller valves, especially in 
those patients with a narrow aortic root. Nitter-Hauge 
and co-workers [4] noted that the LK valve had a less 
favorable ratio of effective orifice area to tissue annulus 
diameter. 

Continued engineering studies demonstrated a few 
areas that could be improved, and a sécond- -generation 
prosthesis evolved as the “Omni” design. The ratio of 
nominal flow orifice (ie, disc diameter [D]) to tissue 
annulus diameter (TAD) was the most obvious improve- 
ment area. Studies using laser-Doppler anemometry and 
analysis of flow profiles demonstrated that three other 
critical dimensions must be optimized [5]: the opening 
angle, the curvature of the disc, and the eccentricity of the 
pivot axis. Increased opening angle results in more uni- 
form, less turbulent flow, and hence lower pressure 
gradient. Paradoxically, the greater the opening angle, the 
higher the energy loss due to regurgitation. Although disc 
opening of approximately 60 degrees produces an opti- 
mum conibination of pressure gradient and low regurgi- 
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tation (eg, the Björk- Shiley convexo-concave valve), an 
80-degree opening was maintained in the Omni design to 
allow for reserve opening during higher cardiac output. 
The potential increase in regurgitation is minimized by 
the low leakage rate permitted in this design. 

Disc curvature permits alignment of the leading disc 
edge parallel to the flow to minimize turbulence. How- 
ever, excessive curvature will result in turbulent flow. 
Optimization of the pivot-axis eccentricity, which dictates 


. the velocity and turbulence profiles in the major and 


minor orifices, minimizes stasis zones and shear stresses. 

The Omni design optimization encompassed increasing 
the ratio of D/TAD and replacing the retaining “prongs” 
by lower, rounded shields to minimize the valve’s profile 
and the risk of impingement. A thinner (lower mass), 
convexo-concave disc with-an optimized curvature of 0.05 
D resulted in a lower pressure gradient and accelerated 
the opening/closing response. The pivot axis eccentricity 
was lowered to 0.17 D from 0.23 D, thus improving the 
flow in the minor orifice. These changes were incorpo- 
rated in the design of the Omniscience valve (Fig 1). 

In vitro studies by Stein and associates [6] showed that 
these changes result in a decrease of 26% in the systolic 
pressure gradient from the previous LK design. Scotten 
and colleagues [7]. found that in terms of transvalvular 
energy loss, the Omniscience valve was superior in per- 
formance to the Medtronic Hall, Bjérk-Shiley convexo- 
coneave, and St. Jude Medical prostheses. Recent in vitro 
work by Knott and associates [8] confirmis the importance 
of overall energy losses and the sérious implications of 
high leakage flow for cardiac valve prostheses. The Omni 
design has demonstrated superior results in this regard. 

The Omniscience Premarket Approval studies, scruti- 
nized by the Food and Drug Administration, show that 
actuarial survival at 5 years for patients at tisk is 82% for 
patients undergoing aortic valve replacement and 73% for 
those undergoing mitral valve replacement, while the 
5-year freedom from thrombotic complications (valve 
thrombosis, thromboembolism, and transient ischemic 
attacks) was 94% and 95% for patients undergoing aortic 
and mitral valve replacement, respectively. Compara- 
tively, Damle and co-workers [9] report an overall 5-year 
thrombotic-free rate, including transient ischemic events, 
to be 87% for all patients (84% for aortic valve replace- 
ment) and 90% for mitral valve replacement). 

In 1983 and 1984, two European studies [10, 11] re- 
ported extremely high thrombotic complication rates with 
certain mitral sizes. Their experiences were in sharp 
contrast to the Premarket Approval findings. These re- 
sults became the focus of much attention [12-14]. It was 
revealing to note that these high complication rates were 
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Fig 1. Eighteen-year evolution of the Omni design. This photograph 
shows in ascending order the changes that have occurred from the de- 
velopment of the Lillehei-Kaster to the Ommniscience and finally the 
Omnicarbon valve designs. 


associated primarily with 29-mm and 3l-mm mitral 
valves, but not with the 33-mm valve, which has the same 
housing/disc size as the 31-mm valve, but a 2-mm thicker 


Fig 3. Correlation of size, ortenta- 
tion, and thrombotic complications. 
This graph shows the strong influence 
of oversizing in a posterior orienta- 
tion on thrombotic complications. The 16 
partial correlation (x? < 1.00) likely 
demonstrates the influence of surgical 
technique/preparation factors in this 
relationship. (TAD = tissue annulus 
diameter.) 
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Fig 2. Factors in mitral valve thrombosis for the Omniscience valve 
before 1982. A combination of thin suture ring, a posterior orientation 
of the large orifice, and oversizing of the cardiac prosthesis greatly 
increase the risk of potential interference. 


sewing ring. This strongly implicated the clearance be- 
tween the mechanism and tissue as a factor. Multicenter 
studies [15] revealed that posterior orientation of the 
major orifice results in a significantly greater incidence of 
valve thrombosis and thromboembolism (Z test, p < 0.05). 
It was thus concluded that the combination of orientation, 
the thinner Dacron sewing ring (used in the Omniscience 
valve before 1982), and oversizing substantially increases 
the incidence of thromboembolism (Fig 2). 

Figure 3 shows reasonable correlation between size and 
thrombotic complications, with significantly higher 
thrombotic rates in the posterior orientation. The correla- 
tion is not very high because other factors presumably 
come into play, eg, preparation of the annulus, preserva- 
tion of the mural leaflet/chordae, and suturing technique. 

Consequently, to reduce potential interference, the 
Omni design was modified in November 1981 to incorpo- 
rate greater clearance between the moving component 
and the ventricular tissue. The housings of the 29-mm and 
31-mm valves were “down-sized” by 2 mm with a thicker 
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COMPLICATION 


Teflon sewing ring to make up the difference. This serves 
as an additional “buffer” from myocardial interference, 
particularly in cases of potential oversizing after heart 
volume reduction during patient recovery. The combina- 
tion of the earlier thin Dacron sewing ring, the continuous 
suture technique, and degenerative tissue resulted in a 
higher incidence of perivalvular leak in a few European 
centers [10, 11]. The higher compliance of the thicker 
Teflon sewing ring also alleviated this unusually high 
perivalvular leak rate [16]. 

Historically, fixed-hinge valve designs (metal/polymer 
interface) were prone to a high incidence of thrombotic 
complications [17]. The original Lillehei-Kalke fixed-hinge 
bileaflet valve design was reported in 1967 [18]. Its man- 
ufacture was abandoned until a less thrombogenic material 
could be found. The advent of Pyrolite, which demon- 
strated an excellent record of biocompatibility, rendered 
this design a viable one (St. Jude Medical valve, 1977). 
Essentially, Pyrolite turned the unsuccessful fixed-hinge 
design into a successful one. It stands to reason that one 
should advance this conclusion one step further by using 
Pyrolite in a design with no fixed hinges, and with a 
proven clinical record in a metal configuration. Therefore, 
the time-tested, fine-tuned Omniscience design. features 
were incorporated into an all-carbon structure, the Omni- 
carbon valve. 

Since 1984, over 7,000 Omnicarbon valves have been 
implanted. Clinical studies at five European centers, in- 
volving 354 patients, demonstrate an overall thromboem- 
bolic rate (valve thrombosis, thromboembolism, and tran- 
sient ischemic attacks) of 1.3%/patient-year, of which 
0.7% were transient events. No patient has been reoper- 
ated on for unacceptable hemodynamics or structural 
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Fig 4. Comparison of Omnicarbon to 
1987 literature survey by Edmunds 
[19], summarizing the incidence of 
thromboembolic and hemorrhagic 
complications as calculated from 
weighted summary data reported by 
Edmunds for mechanical cardiac valve 
prostheses. The low thromboembolic - 
rate for the Omnicarbon valve is 
achieved without the risk of high anti- 
coagulant-related hemorrhage. (PT- 
YRS = patient-years; SE = standard 
error.) 
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failure. Hematological results demonstrate the absence of 
any clinically significant hemolysis. Figure 4 shows how 
these results compare with those of a 1987 survey of the 
mechanical valve literature published by Edmunds [19] on 
the incidence of thromboembolic and anticoagulant- 
related complications. 

To sum up, although no valve substitute is perfect, 
physicians and engineers perpetually strive for improve- 
ment. Without the 18 years of hand-in-hand cooperation, 
development of the Omnicarbon valve would have been 
impossible. 
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Iatrogenic Factors in Cardiac Valve Evaluation 


Benson B. Roe,. MD 


University of California, San Francisco, California 


valuations of cardiac valve prostheses on the basis of 
their hemodynamics, thrombogenicity, and durabil- 
ity generally attribute valve performance to the intrinsic 
characteristics of the device itself. Personal observations, 
anecdotal experiences, and occasional published reports 
relating to iatrogenic complications cause me to believe 
that these occurrences play a far more significant role in 
valve performance than is recognized in the literature. 
Multiple factors influencing cardiac surgical outcomes, 
low complication rates, and the tendency for iatrogenic 
episodes to be unrecognized or undocumented all serve to 
obscure statistical correlation between the following tech- 
nical abberations and their presumed associated compli- 
cations. Nevertheless, the persistent incidence of throm- 
boembolism, mechanical dysfunction, and structural 
failure—albeit low—mandates exercising every reason- 
able technical precaution to obviate the occurrence of 
these complications. Awareness of the potential hazards 
should reduce morbidity. 
Hemodynamic performance of a mechanical prosthesis 
can be impaired by (1) inadequate tolerance between the 
poppet and the adjacent chamber wall (Fig 1), (2) inter- 


ference with poppet excursion by adjacent chamber wall ` 


or remnants of the incompletely excised valve (commis- 
sures of the aortic valve and chordal tissue of the mitral 
` valve (Fig 2), or (3) the shelf of remaining valve leaflet 
when mattress sutures are used. This type of impairment 
is difficult to diagnose, but diagnosis is facilitated by a 
radiopaque element in the poppet. 

Interlocking of suture loops on opposite sides of the 
ring can result in a suture strand traversing the orifice 
beneath the poppet, which is easily obscured from surgi- 
cal view (Fig 3). 

Elongated suture ends, particularly when the knots are 
close to the orifice, can unravel and reach into the orifice 
so as to prevent complete closure. In valves that seat 
intraluminally (Cutter-Smeloff, Bjérk-Shiley, Medtronic 
Hall, St. Jude), episodes have been documented in which 
sutures have jammed the poppet and locked it in the 
closed position. Suture ends have also been documented 
to produce hemolysis after fraying into tassels. All of the 
aforementioned hazards of elongated knots and suture 
ends can be prevented by using a small soldering iron to 
transect the third knot and fuse the polyester suture into 
a smooth glazed bead to preclude untying. 

Paravalvular leakage or disruption of the implanted 
prosthesis is commonly caused by infection, although 
iatrogenic factors may also contribute to its occurrence. 
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Fig 1. Obstructing caged ball poppet occupying a major portion of the 
aortic lumen. 


Unequal tension can cause tissue tear when sutures (1) are 
tied with excessive tension, (2) are placed with tangential 
angulation, or (3) are placed at unequal tissue depth (Fig 
4). Excessive (and potentially disruptive) tension can be 
placed on the suture line by attempting to adapt an 
outsized annulus to a smaller prosthesis. This complica- 
tion can be avoided by augmenting the sewing ring 
diameter with a felt strip. 

Thrombogenesis is reasonably initiated by foreign sub- 
stances (such as tissue fat or glove powder), which may be 
deposited on the valve during implantation. The crevice 
between the cloth sewing ring and the tissue (which is 
promoted by mattress sutures) is a potential origin of clot 
propagation. Exposed knots and suture ends are also 
likely to be thrombogenic. 

Mattress sutures are popular for valve implantation but 





Fig 2. Tilting disc poppet restricted from full opening by a commis- 
sural remnant of aortic valve tissue. 
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Fig 3. Pestimplantation ventricular view (surgically obscured) of a 
suture that had passed through the loop of an opposite suture. 


they embody three important detriments and potential 
hazards which are obviated by radial sutures. (1) They 
may impair optimal perfusion of the tissue—cloth inter- 
face, thus potentiating necrosis and paravalvular leakage 
(Fig 5). (2) Tissue remnants underlying the sewing ring 
can extend—or may even be extruded—into the orifice by 
the sandwiching action of a mattress suture, whereas this 
tissue is gathered peripherally into the loop of a radial 
suture. (3) The circumferential alignment of mattress 
sutures causes the peripheral edge of the cloth ring to roll 
upward, thus creating a potentially thrombogenic crevice 
between endocardial surface and cloth, whereas radial 


Angulation 





Varying Depth & Tension 


Fig 4. Angulated sutures (top) and unequal suture depth (bottom), 
showing how concentrated stress can promote avulsion. 
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Ischemia 


Fig 5. Mattress suture preventing perfusion of tissue at cloth inter- 
face as contrasted with the effect of radial sutures. 


sutures flatten the edge of the cloth ring against the tissue 
surface (Fig 6). 

Durability of the prosthesis can be impaired by intraop- 
erative handling and manipulation during the seating 
process. Late strut failures are conceivably the product of 
iatrogenic stress. Poppet erosion and escape has resulted 
from erosion of the Silastic ball by (1) an abrasion on a 
caged-strut and (2) a suture accidentally looped around a 
strut. 

The foregoing iatrogenic factors are worthy of recogni- 
tion and reasonable preventive measures. Their proven 
occurrence must be taken into account in the process of 
evaluating prosthetic valve performance and could ex- 
plain discrepancies in reported incidence of thromboem- 
bolism, paravalvular leak, and structural failure. 





Fig 6. Valve implantation mock-up demonstrating the cloth suture 
ring rolled up by mattress sutures and flattening effect of radial su- 
tures. Also demonstrated is the suture knot remnant after severing 
and fusing with a soldering iron. 


Biopsy Assessment of Myocardial Protection for 
Valve Replacement Over the Last 24 Years 


M. V. Braimbridge, FRCS, S. Darracott-Cankovic, D. J. Chambers; S. Kosker, and 


M. Yamada 


Department of Cardiothoracic Surgery, St. Thomas’ Hospital, London, United Kingdom 


n the study of myocardial protection for valve replace- 
ment over the last 24 years at St. Thomas’ Hospital, we 
have evaluated protection by intraoperative myocardial 
biopsies and by postoperative clinical outcomes in terms 
of the incidence of low cardiac output and hospital mor- 
tality. Biopsy assessment has been by quantitative bire- 
fringerice measurements of the ability of muscle fibers to 
respond to adenosine triphosphate and calcium on biopsy 
specimens frozen in hexane at —70°C, with measurements 
made on freshly cut cryostat sections studied under.a 
polarizing microscope [1, 2]. The physiological signifi- 
cance, of this test was checked by performing endomyo- 
cardial biopsies at the time of left ventricular (LV) angi- 
ography and comparing birefringence measurements of 
two groups of patients divided by means of eight physi- 
ological variables into normal and abnormal hearts. Sep- 
aration of these by biopsy correlated with a probability of 
0.001. 

Biopsies were performed on 276 patients undergoing 
single aortic valve replacement. Of these, 214 showed no 
deterioration on biopsy assessment, 210 of whom had an 
uncomplicated recovery, with 4 having a low cardiac 
output. Of the 62 whose condition deteriorated, 51 had a 
low cardiac output, with 11 having an uncomplicated 
recovery. Biopsy correctly predicted low cardiac output in 
95%. 

Analyzing these results in detail (Fig 1), of the 19 
patients who underwent biopsy who had intermittent 
perfusion between 1965 and 1968 with blood at 15°C, 63% 
had no deterioration on biopsy, and all made an uncom- 
plicated recovery. Thirty-seven percent showed deterio- 
ration, and all but 1 of these had a low cardiac output. 

Intermittent warmer perfusion at 30°C in 1968 and 1969 
made the results worse, as 58% showed deterioration and 
50% had a low cardiac output. Because of this, we 
changed to continuous perfusion with blood at 30°C. This 


improved myocardial protection, as 68% showed no de- 


terioration on biopsy assessment during cardiopulmonary 
bypass. All but 2 of those that showed no deterioration 
had an uncomplicated course, but 32% deteriorated, with 
26% having a low cardiac output. Changing to 32°C with 
a beating heart improved myocardial protection to 74% in 
the 61 patients who underwent biopsy. 

When cardioplegic arrest was introduced in 1975 [3, 4], 
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only a single infusion was given. Of 53 patients who 
underwent biopsy; 81% showed no deterioration, all of 
whom had an uncomplicated recovery, whereas 19% did 
show deterioration, with 13% having a low cardiac out- 
put. Multidose cardioplegia greatly enhanced myocardial 
protection, with 93% of hearts submitted to biopsy show- 
ing a satisfactory outcome both in terms of biopsy assess- 
ment and clinical outcome; however, all but one of the 7% 
of patients who showed deterioration had a low cardiac 
output. 

One would expect the beneficial aspects of different 
methods of myocardial protection to be most apparent 
during double-valve replacements, with their longer 
ischemic times. This in fact has been the case. In small 
numbers submitted to biopsy in the groups protected by 
continuous coronary perfusion [5] and with single dose 
cardioplegia [6], there was deterioration of 29% and 33%, 
respectively. However, protection was improved by mul- 
tidose cardioplegia, which reduced the incidence of dete- 


` rioration to 11%. Analyzing overall clinical results of the 


double-valve replacements, the initial mortality in the 
1960s with intermittent 15°C infusion was high (61%), but 
was improved by 30°C intermittent infusion (11%). Con- 
tinuous 30°C perfusion was worse than intermittent infu- 
sion (50% mortality), although this improved once the 
temperature was raised to 32°C with the heart beating 
(15%). With single-dose cardioplegia, the mortality was 
unchanged but the incidence of postoperative low cardiac 
output increased to 16% as compared with 2% in the 
previous group. With multidose cardioplegia, both the 
mortality and the incidence of low cardiac output were 
halved (8% and 8%, respectively). 

We have compared the results of patients undergoing 
aortic and mitral valve replacement alone with those in 
whom tricuspid valve. operation was also necessary. With 
multidose cardioplegia for aortic and mitral valve replace- 
ments alone, 4/65 (6%) patients died due to low cardiac 
output. Twenty patients underwent an additional tricus- 
pid valve repair, of whom 3 (15%) died of low cardiac 
output. The aortic occlusion times were significantly 
longer in this group, 143 minutes as compared with 124 
minutes. In a separate study of 13 patients undergoing 
tricuspid valve repair with multidose cardioplegia, biopsy 
assessment revealed a 23% incidence of myocardial dete- 
rioration during bypass. These clinical and biopsy results 
indicate that even multidose cardioplegia did not ade- 
quately protect the myocardium during prolonged isch- 
emia. 

In summary, biopsy assessment of myocardial protec- 
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Fig 1. Assessment of the efficacy of different methods of myocardial protection. (A) Quantitative birefringence assessment of preservation made on 
left ventricular biopsy specimens obtained at the beginning and end of cardiopulmonary bypass from 276 patients undergoing aortic valve replace- 
ment between 1966 and 1986. (B) Postoperative clinical outcome of the same patients. 


tion with quantitative birefringence measurements has 
proved a useful guide to the surgeon in evaluating his or 
her techniques over 24 years. 
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The Versatile Homograft and Autograft Valve 


Donald Ross, FRCS 


Cardiothoracic Institute and National Heart Hospital, London, England 


F this report I am using the old accepted term homograft 
rather than the inore fashionable allograft, and I would 
suggest that the following be made clear about valve 
terminology. True biological valves have no man-made 
additions or distortions. So-called biological valves are 
hybrid creations of plastic, steel, and tanned leather and 


are appropriately called bioprostheses. They combine the . 


virtues and disadvaritages of biological and prosthetic 
valves. _ 

My colleagues and I inserted our first homograft aortic 
valve freehand in June 1962 [1], within a year of the first 
mechanical Starr valve, which shares with it the distinc- 
tion of over 20 years of follow-up. It is appropriate to 
remind ourselves that all valves (mechanical, biological, 


-and bioprosthetic) are splendid for the first 7 years, so that 


a realistic appraisal of a valve’s performance only becomes 
relevant after 10 years. 

The advantages and disadvantages of the homograft are 
well known. Among the former is the total absence of 
emboli and the need for anticoagulant therapy with its 
attendant dangers. Other advantages have come to light, 
such as the virtual absence of sudden deaths; and the 
average lifespan of homografts before removal is certainly 
longer in our hands than that of their bioprosthetic 
counterparts. Other advantages include the low incidence 
of endocarditis, their successful application to young 
children, and their versatility in being applicable at all 
valve sites. 

Quality of life is difficult to define and does not easily 
fall within the criteria that can be subjected to the newly 
introduced guidelines for the presentation of valve data. 


Nevertheless, all my aortic homograft patients, with one _ 


exception, when faced with a second operation; have 
asked for another homograft. 

Without presenting a series of complex actuarial analy- 
ses relating to valve function, I would say that patient 
survival (which is what our patients are interested in and 
what should also be our primary concern) is better in our 
hands with a homograft than a mechanical valve (Fig 1). 
That to me represents the bottom line. 

The only disadvantage of the homograft relates to 
learning the insertion technique. The problems of collec- 
tion and processing have now been taken care of. 

Tissue degeneration is the homograft’ s Achilles heel 
(Fig 2). Homografts cannot be faitlted in design or func- 


_ tional performance, but it is to the problem of late degen- 


eration that we need to diréct our attention and that of the 
coming generation of biologically-oriented surgeons. 
We should not be carried away by the current uncritical 
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wave of enthusiasm for viable valves. The transfer of 
living human tissue between donor and recipient repre- 
sents a form of transplantation and obeys the rules of 
antigenicity and its inevitable immunological sequelae. 
The presence of living cells simply guarantees tissue 
integrity but does not ensure that the cells will persist. 
Only by retaining cellular viability can we ensure really 
long-term function of the homograft. We may eventually 
be able to seed the homograft with the patients’ own cells. 

In 1966 we inserted the first freehand valved homograft 
[2] for right ventricular outflow tract reconstruction 4 
years after the first aortic homograft. This operation has in 
many ways revolutionized the treatment of complex cy- 


‘anotic congenital heart disease, and no one questions the 


superiority of the homograft as a valved conduit, partic- 
ularly. in children, in whom it has giver an impressive 
long-term performance and is clearly superior to the 
xenograft. 

The homograft is also excellent in the low pressure 
tricuspid area, but it has given variable service in the 
mitral area, no doubt because of the need for some form of 
mounting material, which immediately turns it into a 
bioprosthetic device. 

However, as a fully functional aortic root replacement 
without external restrictions, the homograft is finding 
incréasing applications [3]. We first used this principle in 
1972 in disruptive aortic root endocarditis, and have since 
used it in over 135 cases. The homograft root is easy to 
insert and is invariably competent. Early results suggest it 
may have a longer functional life than the conventional 
homograft. _ 

Reserving the best for last, we offer autotransplantation 
of the pulmonary valve to the aortic position as a defini- 
tive form of aortic valve replacement [4]. Somewhat 
tentatively, we used this technique in 1967, having at that 
stage experienced our first homograft degenerative fail- 
ures. It was clear that a permanent valve replacement has 
to be living, nonantigenic and of perfect desigti, and un- 
treated by any damaging physical or chemical agents. Only 
the patient’s own pulmonary valve fulfills these criteria. 

Based on our experience with this valve, used in 294 
patients operated on over 20 years, we believe the valve 
represents a permanent replacement, does not undergo 
degeneration or calcification, persists as a fully viable 
Structure, and very likely has growth potential. Compar- 
ing it with our own series of homogtaft valves emphasizes 
its superior qualities. It can be used in any age group and 
as a mitral replacement in children; however, we believe 
its primary application is in the younger or very young 
age group, who with the present generation of valves, 
may face a recurririg threat of embolism, to hemorrhage 
and sudden death, or repeated operations at 10- to 12-year 
intervals. 
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Fig 1. Comparison of actuarial sur- 100% 


vival with homograft and mechanical 
(Starr-Edwards) valves. 
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Pioneering in Heterografts 


Jean-Paul Binet, MD 


Centre Chirurgical Marie-Lannelongue, Plessis-Robinson, France 


he idea of using animal valves came to our minds 

more than 25 years ago. We were unhappy with the 
available mechanical valves in many instances, even 
though I had inserted in Brussels, in mitral position in 
“francophone” Europe, the first Starr valve, given to us 
by my friend Albert Starr. 

We were unable to build a satisfactory fresh homograft 
bank, not because of French law, but because of the 
adverse Parisian habit of postmortem examination. In the 
meantime, a better organization was set up in London, 
Aukland, and Bordeaux. 

In 1963 we were still in the old Marie Lannelongue 
Hospital. At this time Carlos Gomez Duran, first in 
Oxford and later in Paris in Mathey’s group, let us know 
of the good results obtained in England with dry-frozen 
pig aortic valves inserted into the descending aorta of 
dogs and of the unsuccessful attempt made by Gunning 
in 1964. 

For 2 years, with Jean Langlois as assistant and Alain 
Carpentier as resident, we attempted to solve three prob- 
lems linked with the insertion of the heterograft in aortic 
position. The first problem was to find available animals 
whose valve size would fit the human aortic valve. We 
selected porcine valves for average diameter, calves’ 
valves for large size, and those of lambs for small size, 
especially for children. 

The second problem was to prepare the valve. The 
anatomy of these animal valves differs from that of the 
human valve. One third of the aortic ring is formed by 
cartilage and the base of the right coronary sinus is 
muscular; all of this tissue must be excised. The third 
problem was to destroy the potential antigenicity of the 
valve while preserving its flexibility: a mercurial solution 
called Cyalite was first used. After three days in this 
solution the heterograft was washed out, divided, and 
stored in a saline solution. 

Once these problems were solved, a 47-year-old patient 
with calcified aortic stenosis underwent operation: a por- 
cine valve 25 mm in diameter was inserted without 
difficulty. The postoperative course was uneventful; the 
patient was discharged from the hospital without any 
diastolic murmur. This attempt was followed by 80 other 
aortic replacements through July 1967. But having crossed 
new frontiers, we also ran into new barriers. 

Insertion of the valve was the first problem. The coro- 
nary cannulas that were still used at this time to perfuse 
the myocardium were making the insertion difficult. We 
followed the one-plane technique of Sir Brian Barratt- 
Boyes, who we promptly visited in New Zealand. Fur- 
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ther, we modified the technique by using mattressed 
sutures in two planes; finally, the valve was set on a stent. 
In collaboration with Claude Planché we performed the 
first setting of these heterografts on a metallic stent 
surrounded by a Teflon ring. 

Improving antigenicity was the second problem. We 
quickly exchanged Cyalite for Mercaptomeryl, a different 
and less aggressive mercurial derivative. Later in 1967 we 
started using formaldehyde. In fact, this has been a long 
period of multiple and various attempts. 

During this period several major discoveries were 
made. There was no rejection of the graft; anticoagulation 
was not required, as it is for homografts; and tissue 
deterioration proceeded slowly, in contrast to the dys- 
function of mechanical valves of that time. The place of 
heterografts became quite important because the setting 
on a stent allowed insertion in the mitral and tricuspid 
positions, as well as in a Dacron conduit, which then 
advantageously replaced the fresh human valved conduit 
that was impossible to obtain at this time. Our heterograft 
valved conduit was amazingly similar to what would later 
be called the Hancock conduit. We used it for the treat- 
ment of numerous congenital malformations (bad forms 
of tetralogy of Fallot, truncus arteriosus). 

In addition to these new possibilities, we made some 
amusing and even predictive observations. In our vora- 
cious animal research as applied to humans we observed 
that boars did not have the same anatomical configuration 
as pigs and that, by contrast, the gorilla had an aortic 
valve anatomically and histologically similar to the human 
one—the histocompatibility is very close between the two 
species. (Autopsy of this gorilla was done at the zoo of 
Prince Rainier in Monaco.) 

This period of the so-called heterografts ended when 
Sophie and Alain Carpentier suggested that glutaralde- 
hyde was the best way to preserve and store these grafts. 
On this day heterografts became bioprotheses; they were 


Table 1. Early Contribution to Heterograft (Hopital Marie- 
Lannelongue) 


Date of | Manufacturer 


Contribution Operation of Heterograft Position 


First heterograft 09/02/65 Homemade Aortic 


(pig) 

First heterograft 07/06/67 Homemade Pulmonary 
(lamb) 

First stent valve 03/09/68 Homemade Aortic 

(pig) 

First conduit + 04/28/70 Homemade RV—Pulmonary 
heterograft artery 
(pig) 


RV = right ventricle. 
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no longer home-made but manufactured. We had worked 
only as trial and laboratory men. I did not have the chance 
to establish a French connection with our national indus- 
try; Alain Carpentier has been more lucky in the United 
States. . l 

Our findings are summarized in Table 1. This shows 
our team’s contribution to the birth and the development 
of heterografts. 
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From Valvular Xenograft to Valvular 


Bioprosthesis: 1965-1970 


Alain Carpentier, MD, PhD 


Service de Chirurgie Cardio-vasculaire, Hôpital Broussais, Paris, France 


he research that led from the xenograft valve to the 
concept of the bioprosthesis is an example of the 
growing dependence of surgery on certain basic sciences. 
This presents the surgeon with two alternatives: either to 
learn the language of these sciences or to be relegated to 
the position of a manual worker. 

The first successful xenograft valve implantation in 
humans was carried out in September 1965 by Jean-Paul 
Binet, Jean Langlois, and myself. Being responsible for 
the valve preparation [1], I chose a mercurial solution with 
which I had experimented 2 years earlier with Robert 
Judet, the inventor of the artificial hip; we used this 
solution to preserve homologous skin for reconstruction 
of joints and noticed very little inflammatory reaction, 
although skin was known to be extremely antigenic. 
Contrary to experimental findings and despite early good 
clinical results, the xenograft valves preserved in this 
mercurial solution tended to deteriorate after 6 months. 

This early experience showed that the most important 
factor affecting valve durability was the method of prep- 
aration, and that the dream of graft regeneration by 
creeping substitution of host fibroblasts failed to materi- 
alize. The cellular ingrowth that did occur proved harm- 
ful, as the cells invading the graft tissue were most often 
inflammatory in nature. It became obvious that to prolong 
the durability of these valves it would be necessary to 
prevent cellular penetration. This aim was the subject of 
my research during the years 1966 and 1967, a research 
oriented in two directions: chemical treatment and me- 
chanical protection. 


Chemical Treatment: The Way to Glutaraldehyde 
Preservation 


Because the inflammatory reaction observed in explanted 
xenografts involved mainly immunologically competent 
cells leading to collagen denaturation, I tried to find a 
chemical treatment capable of decreasing the antigenicity 
of the tissue and increasing its physicochemical stability. 
However, this was far beyond my capability in and 
knowledge of chemistry, and I found it necessary to go 
back to the university to obtain a PhD in biochemistry. I 
was 33 years old, 10 years older than the other students 
from whom Ihid my true position as assistant professor of 
surgery so as not to compromise the reputation of cardiac 
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surgery by the rather poor grades I got on the various 
examinations! 

I worked on cross-linking inducing factors either to 
introduce cross-linkages into the tissue (acrolein, succi- 
nyldehyde, glyoxal, glutaraldehyde, formaldehyde, dial- 
dehyde starch) or to reinforce cross-linkages (sodium 
borohydride). Among the many substances tested, gluta- 
raldehyde, a product widely used in electron microscopy, 
appeared to be the most effective for decreasing the 
antigenicity and increasing the stability of the tissue as 
shown by subcutaneous implantation of treated tissue in 
the rat and by numerous physical or immunological tests. 
Based on these experiments, often forgotten today, glu- 
taraldehyde was adopted as the method of choice in 
heterologous tissue preservation. My colleagues and I 
published our findings in 1969 [2]. 


Mechanical Protection: The Concept of Greffe 
Protégée 


Because experimental and clinical data showed that in- 
flammatory cellular penetration occurred chiefly at the 
graft-host interface, a physical barrier, ie, a thin cloth ora 
stent, was interposed between the host and the valve, and 
the aortic sleeve was covered with the same material (Fig 
1). This concept of the greffe protégée and its combination 
with the first frame-mounted valve were introduced in 
1966 and 1967, respectively [3, 4]. Various techniques 
were proposed over the years to solve the peculiar prob- 
lems raised by the attachment of the muscular septum to 
the right coronary cusp in animals (Fig 2). 

As a result of glutaraldehyde treatment and mechanical 
protection against cellular penetration, the valve is no 
longer a graft in the strict sense but a prosthesis. I coined 
the term bioprosthesis to recall its biological origin and its 
prosthetic fate [5]. The bioprosthesis falls somewhere 
between a graft and a synthetic prosthesis, and it is hoped 
that it incorporates the advantages of both. In contrast to 
the graft, the durability of the bioprosthetic valve becomes 
dependent on the stability and the inertness of the bio- 
logical material and not on regeneration by host cells. 

With Charles Dubost, my colleagues and I implanted 
the first bioprosthesis in March 1968 (Fig 3) [2]. The 
patient survived for 18 years with his original valve. 
Aware of the development of bioprosthetic valves, Albert 
Starr advised Edwards Laboratories to enter the field of 
tissue valves, and because of his recommendation, I was 
invited to Santa Ana in 1969 to present my work. I 
accepted the proposal of Will Perie, President of Edwards 
Laboratories, that I advise them in the development of a 
valvular bioprosthesis on the condition that the valve not 
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Fig 1. The concept of greffe protégée: (A) penetration of host cells 
into graft (1965); (B) greffe protégée (1966); and (C) greffe protégée 
mounted on a stent (1967). 


be released on the market for a minimum of 4 years after 
implantation. 

Warren Hancock was vice-president of Edwards Labo- 
ratories at the time, and he was present at this meeting. 
Some months later, he left Edwards Laboratories, thus 
freeing himself from my requirements. Without any re- 
strictions, he developed the Hancock valve, which be- 
came commercially available in 1970. Hancock Laborato- 
ries made a tremendous contribution as far as mass 
production and popularization of valvular bioprostheses 
were concerned, a little too much popularization in my 
opinion, as very few people at that time listened to my 
words of caution in regard to the long-term fate of these 
valves, particularly in children. 

This previously unpublished story is interesting mainly 
because it points out the foresight of Albert Starr, who 
must be credited, among his other contributions, for 
having introduced valvular bioprostheses to the United 
States without regard to the effect on his own valve. Much 
of the remainder of the story, ie, the development of 
bioprosthetic valves, whether porcine valves or bovine 
pericardium, whether high profile or low profile, whether 
yellow or blue, is known, but not its ending. Twenty 
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Fig 2. Stents were introduced in 1966 before glutaraldehyde preserva- 
tion. Several techniques were used to reinforce the right coronary cusp 
(B, C), which was made fragile by trimming (A). 
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Fig 3. First glutaraldehyde-preserved, frame-mounted porcine valve 
implanted in a human. Note that the aortic sheath and the struts were 
not covered with fabric in this early model. 


years later, we know that the aim has been only partially 
achieved. Although low thrombogenicity has been con- 
firmed, an acceptable stability has been observed only in 
patients older than 35 years. We know that the older the 
patient, the longer the valve durability. Calcification of 
the tissue remains a stumbling block in younger patients. 
The current efforts of my wife, Sophie, who has helped 
me since 1974, and myself are directed toward the devel- 
opment of chemical methods of calcium mitigation so 
that, one day, children will have the benefit of a durable, 
nonthrombogenic valvular prosthesis. 
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Heterologous Heart Valves: Past, 


Present, and Future 
Sheldon O. Burman, MD 


he purpose of this paper is to document the events 

culminating in the first successful human heterograft 
heart valve replacement performed in the United States 
and the first heterograft heart valve replacement per- 
formed in a long-term animal survivor. On April 3, 1965, 
at the New York Medical College Flower Fifth Avenue 
Hospital, a sheep aortic valve was implanted into the 
aortic position in a calf. The animal, which had been 
growing and thriving, was killed 3 months later. On 
Friday, July 7, 1967, in a 4.5-hour operation, my col- 
leagues and I replaced a rheumatic stenotic aortic valve of 
a 38-year-old Greek-American waiter with a calf aortic 
valve (Fig 1). In both the animal and human operations 
the formalin-processed valves were sewn in freehand, 
without stent or sewing rings. When the patient was 
discharged 3 weeks later, the hospital issued a news 
release to the lay press. 

Beginning in September 1968, we published a series of 
abstracts and papers documenting our work with aortic 
and mitral heterografts and homografts in 191 calves and 
2 humans [1-5]. For 3 years, beginning in 1965, this work 
had been supported by US Public Health Service National 
Institutes of Health Grant 41-318-2, originally submitted 
in 1964. Until 1965 no report on heterograft valves had 
been published and we were not aware of work being 
done elsewhere. 

By 1964 it had become clear that mechanical heart 
valves could save the lives of thousands who would 
otherwise be lost. Mechanical and coagulation complica- 
tions following the use of these valves motivated us to 
search for alternatives. Homografts, the natural choice, 
would never prove adequate due to lack of supply. 
Nonhuman animal valves might prove an acceptable 
alternative. Theoretically, compared with synthetic 
valves, heterografts offered a more natural substitute, low 
cost, ready availability and, hopefully, superior hemody- 
namics, less thrombogenicity, less need for anticoagu- 
lants, and fewer associated problems. 

Two fundamental questions loomed large. First, could 
donor rejection be avoided in a recipient from a widely 
disparate species? Second, could a biologically altered 
tissue transplant withstand the ceaseless pulsatile pound- 
ing inside a beating heart? Should heterografts indeed 
prove acceptable, would donor valves of one species 
prove superior to those of another? What if the valves of 
all domesticated species were truly interchangeable? 
What were the special problems inherent in the harvest- 


Presented at the World Congress on Heart Valve Replacement, San Diego, 
CA, Jan 15-19, 1989. 


Address reprint requests to Dr Burman, 247 Prospect Ave, Highland Park, 
IL 60035. 


© 1989 by The Society of Thoracic Surgeons 


ing, preserving, sterilizing, and implanting of these het- 
erografts? 

Calves were selected as the universal recipient because 
of their size and their availability. Three times each week 
we harvested 20 to 30 calf hearts and 6 L of blood for our 
heart-lung machine from the abattoirs of New Jersey. 
Hearts were collected in a sterile plastic sack and handled 
thereafter with aseptic technique. The valves were care- 
fully trimmed, leaving only a 4- to 5-mm rim of aorta 
attached. No more than three hours were allowed to 
elapse between harvesting and processing. 

The aortic valves of humans and all domesticated spe- 
cies studied are remarkably similar in structure, differing 
only in the relative proportion of connective tissue com- 
ponents. Dog and goat valves are too small for adult 
human use but valves from the calf, hog, and sheep are 
suitable. On the tensilometer the bursting strength of all 
valves was nearly identical. Valves from slaughtered 
domesticated animals, even if taken aseptically one hour 
postmortem, are contaminated, often heavily. If fresh 
hearts or aortic valves are stored in nutrient medium at 
4°C for as little as eight hours, autolysis of their connective 
tissue, as seen by the electron microscope, will impair 
their ability to withstand mechanical stress. 

Around 1,200 aortic and pulmonic valves of sheep, 
goats, hogs, humans, calves, and dogs were harvested 
and studied grossly and by light and electron microscopy. 
A pulse duplicator was used to study flow patterns and a 
tensilometer measured bursting strength. Ethylene oxide 
and f-propiolactone as sterilizing agents and lyophiliza- 
tion (freeze-drying) as a preservation technique were 
evaluated and rejected because they weakened the valve. 
Ten percent formalin (4% formaldehyde) buffered to pH 5 
(1) was simple to use and simultaneously preserved and 
sterilized, (2) provided a safety margin so great that a 
treated valve could be inoculated with Clostridia without 
becoming infected, (3) abolished the problem of antige- 
nicity because species specificity disappeared (a formalin- 
treated valve may promote a foreign body reaction, but 
never rejection), and (4) produced valves that were actu- 
ally stronger than fresh, untreated valves because colla- 
gen cross-linkage was enhanced. Glutaraldehyde is a 
stronger collagen cross-linking agent and, unlike formal- 
dehyde, the linkages are said to be irreversible. 

Why is all this important? Because the histological 
events that take place in the heterograft valve after im- 
plantation determine its success or failure. The critical 
moieties are the collagen fibers of the donor and the 
fibroblasts of the recipient. Elastic tissue remains rela- 
tively aloof from this process. Upon implantation, the 
graft collagen fibers begin to degenerate and young im- 
mature host fibroblasts [6] are found streaming into the 
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Fig 1. (Left) Posteroanterior chest roentgenogram taken before hetero- 
graft aortic valve replacement in January 1967. (Right) Roentgeno- 
gram made 6 months after operation. 


donor graft in a seemingly purposeful directional manner. 
These host fibroblasts begin to palisade and lay down new 
collagen. A dynamic equilibrium is established, with 
simultaneous breakdown of old and build-up of new 
connective tissue within the donor valve. 

Thus, the graft is a template, an organic stent onto 
which the recipient, at least partially, recreates a new 
autologous valve—a phoenix rising anew from its own 
ashes. A valve heterograft is different from a cloth, metal, 
and plastic prosthesis. It is truly a graft. Like any graft, a 
“take” requires intimate, motionless graft-to-host tissue 
apposition to facilitate the ingress of host cells and tissue 
regeneration. Mounting frames and sewing rings prevent 
this and, in the aortic position at least, they are unneces- 
sary because freehand implantation is technically easy. 

Early unfavorable short-term results with formalin- 
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fixed valves may only reflect the technical inadequacy of 
early valve preparation, and later reports of degeneration 
of glutaraldehyde-fixed valves may be due to the inter- 
posed stents and rings. 

Heterograft valves are silent, do not cause hemolysis, 
are relatively nonthrombogenic, and usually do not re- 
quire anticoagulation. Their major drawback is durability. 
Although in some centers heterografts remain the valve of 
choice, in general they are reserved for older patients and 
those in whom anticoagulation is undesirable. Future 
progress will be in the development of improved preser- 
vation techniques to retard degeneration by collagenase 
and other proteases, and the adoption of techniques 
permitting donor—host apposition, cellular ingrowth, and 
tissue reparation. 
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Plastic Surgery for Cardiac Valves: 15 


Years’ Experience 


B. A. Konstantinov, V. A. Ivanov, Yu. V. Tarichko, V. A. Prelatov, and 


5. L. ‘Dzemeshkevich 


National Research Center of Surgery, Moscow, Union of Soviet Socialist Republics 


We suggest that all patients with heart valve diseases 
should be considered for reconstructive plastic surgery, 
regardless of the numerous modern mechanical and 
biological prostheses available in a cardiac surgeon’s 


arsenal. We have 15 years of experience, with 903 plastic 


surgical procedures with cardiopulmonary bypass for 
acquired mitral (636), aortic (51), and tricuspid (216) 
valve diseases. The 15-year survival rate for patients with 
mitral stenosis was 68% + 5%, and the 8-year survival 
rate for patients with mitral insufficiency was 81% + 3%. 
The 10-year survival rate for patients with mitral and 


To with ball prostheses, modern types of disc 
prostheses with Pyrolite pivoting disks (“EMIKS” 
and “LIKS”), biological prostheses (“BAKS”), and, lately, 
bileaflet “CARBONIKS” valves made of Pyrolite have 
been widely used in the USSR. None of these commer- 
cially available artificial prostheses is an ideal valve sub- 
stitute, despite their high quality and wonderful hemody- 
namic characteristics. 

For this reason, in our Department of Heart Surgery at 
the National Research Center of Surgery, when treating 
all patients with valve diseases we first consider the 
possibility of reconstructive plastic surgery. We have 
acquired 15 years of experience, with 903 plastic opera- 
tions for acquired mitral, aortic, and tricuspid valve dis- 
ease. 


Material and Methods 


All operations are performed using hypothermic (26° to 

28°C) cardiopulmonary bypass with the addition of cold 
cardioplegia. Six hundred thirty-six patients underwent 
mitral valve operations; of these, 467 patients underwent 
operation for mitral valve stenosis and 169, for mitral 
insufficiency. The operative technique included mitral 
commissurotomy (598 patients), chordoplasty -(124 pa- 
tients), cuspoplasty (31 patients), and atrioplasty (10 pa- 
tients). All these methods of mitral valve correction are 
now commonplace. More interesting is the case of chor- 
doplasty for severe subvalvular stenosis, in which resec- 
tion of the chordae and, if necessary, their restoration is 
performed by dissecting the base of one of the leaflets 
(more often the posterior one), followed by a plasty of this 
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tricuspid valve disease was 59% + 3% because of the 
initially grave condition of such patients. For the correc- 
tion of acquired aortic valve disease we advocate a new 
type of operation: a method of stent plasty of the aortic 


‘root with two circular sutures placed on the level of the 


arch and fibrotic ring. In combination with gradual 
commissurotomy, parietal resection of leaflets and pa- 
rocommissural plication are performed. This procedure 
is an effective method for the plastic reconstruction of the 
aortic valye, and it provides a good hemodynamic effect. 

(Ann Thorac Surg 1989;48:S77-8) 


zone with a patch of glutaraldehyde-treated xenopericar- 
dium. i 

Two hundred sixteen patients underwent operation on 
the tricuspid valve. We consider the technique described 
by De Vega to be preferable. In patients with severe 
insufficiency and high pressure in the pulmonary artery 
we inserted-a weight-bearing ring. Lately all operations 
have been ‘performed using special obturators 33 and 35 
mm in diameter. 

Plastic surgical procedures on the aortic valve have 
been performed in 51 patients. The technique used in this 
operation consists of gradual commissurotomy, parietal 
resection of the thickened leaflets, and paracommissural 
plication of leaflets. Quite unique is the method of stabi- 
lizing the natural collagenic stent of the aortic root with 
two circular sutures. One is placed on the level of the 
fibrotic ring of the aortic root and the other on the level of 
the arch ring. The thread ends of both sutures are with- 
drawn outward in the aorta and tightened gradually to 
achieve the desired pressure gradient and degree of 
regurgitation (Fig 1). 


Results 


In the last 200 operations for mitral stenosis the hospital 
mortality was 1.5%, and in the last 100 operations for 
mitral insufficiency, 3%. The repair is considered to be a 
success if the pressure gradient across the mitral valve 
does not exceed 3 mm Hg and regurgitation does not 
exceed 7% of stroke volume. The 15-year survival rate in 
patients with mitral stenosis was 68% + 5%, and the 
8-year survival rate in patients with mitral insufficiency 
was 81% + 3%. a 

For combined mitral and tricuspid valvular diseases the 
long-term results are worse than for isolated mitral valve 
repair. This can be explained by the initially grave condi- 
tion of such patients. The 10- -year survival rate is 59% + 
3%. 
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Fig 1. The method of aortal valve stent 
plasty: (A) natural elastic stent of aortic 
root; (B) circular suture of fibrotic ring; (C) 
circular suture of arch ring; and (D) tighten- 
ing of the sutures and hemodynamic control. 


Plastic operations for aortic valve diseases present a 
new chapter in surgery. Our early results are encourag- 


_ ing. The basic criterion is the hemodynamic adequacy of 


valvular disease repair: the pressure gradient should not 
exceed 15 mm Hg, and regurgitation should not be more 
than 4% to 6%. 


Comment 


The desire to preserve the patient's proper valve is quite 
natural. The great diversity of surgical techniques used in 
plastic surgery for mitral, aortal, and tricuspid valve 
disease can be accounted for by the large number of 
anatomical structures that participate in the functioning of 
the valve. Therefcre, modern surgical valvuloplasty is 
impossible withcut an exact knowledge of topographic 
anatomy and an understanding of the functional signifi- 
cance of every anatomical element. 

The technique of mitral valve reconstruction has been 
well developed by Carpentier and colleagues [1]. Today 
this enables us ta consider the possibility of a reconstruc- 
tive, valve-preserving operation in patients who have 
mitral valve disease without pronounced calcinosis or 
signs of active infection if the elements of the chordopap- 
illary apparatus are relatively intact. Only if plastic sur- 
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gery is impossible should the replacement of the valve be 
performed. 

Our approach to the aortal valvuloplasty is based on 
morphological and biomechanical research on the struc- 
ture and function of the aortic root. As a result, we have 
discovered a natural fiber stent of the aortic root, consist- 
ing of the fibrotic ring, arch ring, and commissural rods. 
This stent acts as a mechanical damper of loads. Together 
with the aortic sinus and the ascending aorta, which act as 
hydraulic dampers, this natural stent provides for the 
long-term function of the aortic valve cusps without 
regurgitation or a serious pressure gradient. The method 
of aortic root stent plasty [2] is based on the mechanism of 
the valve-aortic complex described above and, combined 
with other surgical techniques, is our method of choice in 
patients without pronounced calcinosis or rupture of the 
aortic valve leaflets. 


References 


1. Carpentier A. Cardiac valve surgery—the “French correc- 
tion.” J Thorac Cardiovasc Surg 1983;86:323. 

2. Konstantinov B, Dzemeshkevich S, Ivanov V, Budaev V. 
Correction of aortic valve insufficiency by restoration of bio- 
mechanics of its natural elements. In: Biomechanics in medi- 
cine and surgery. Riga, 1986;4:205. 


New Cardiac Bioprostheses: Theory, Experiments, 
and 10 Years of Clinical Use 
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The biological valve “BAKS” has the following specific 
features: (1) it is practically devoid of immunogenicity 
due to fermentative-chemical treatment; (2) it is com- 
pletely treated with glutaraldehyde through gradual 
soaking in solutions of increasing concentration; (3) the 
biological part is fashioned taking into account the 
biomechanics of the aortic root; (4) the polypropylene 
stent is functional due to the use of the principles of 
bionics in valve construction; and (5) practically no 
thromboemboli occur, because of the special morpho- 
logic organization of the cuff and the distant location of 
the bioprosthesis leaflets from the stent edge. In the 
Department of Heart Surgery of the National Research 
Center of Surgery, “BAKS” valves have been used in 237 
patients undergoing isolated mitral valve replacement 


I’ many countries during the last 20 years biological 
valve prostheses have been thoroughly studied in 
experiments and in clinical practice. The major advan- 
tages of these bioprostheses (central flow, good hemody- 
namic characteristics, low risk of thromboemboli) and also 
their drawbacks (growing risk of dysfunction 5 to 7 years 
after operation and the especially high risk of dysfunction 
in young patients) are now clearly identified. All modern 
efforts to develop a new generation of bioprostheses are 


aimed at decreasing the risk of calcification and based on ` 


investigations of the reasons for this pathological process. 

At the Department of Heart Surgery of our Center we 
started work on the development of the “BAKS” biopros- 
thesis in 1976. After 3 years of experiments, in 1979, the 
first implantation of “BAKS” in a patient was performed. 
Over the past 10 years we have implanted 237 xenobio- 
prostheses for isolated rheumatic disease of the mitral 
valve [1]. 


Material and Methods 


“BAKS” is made of a porcine valve—aortic complex. After 
the biological material is delivered to the laboratory it is 
subjected to complex fermentative and chemical treat- 
ment. Such treatment ensures (1) the complete destruc- 
tion of those cells in the leaflets that are the main carriers 
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for rheumatic heart disease. Of these 35% were younger 
than 35 years, 93.7% belonged to New York Heart Asso- 
ciation functional class IV, and 24% had had a previous 
heart operation. The 10-year survival rate without hospi- 
tal mortality was 68.94% + 4.86%. Total follow-up was 
11,232 patient-months (range; 6 to 118 months; mean, 57 
months; 97% complete). Main causes of death and reop- 
eration were (per patient-year) infectious endocarditis, 
3.2%; spontaneous bioprosthesis degeneration, 0.96%; 
mechanical dysfunction resulting from damage in the 
manufacturing of the prosthesis, 0.74%; left atrial throm- 
bosis and/or thromboemboli, 0.5%; sudden death, 0.2%; 
cardiac insufficiency, 0.3%; and other, 0.4%. 


(Ann Thorac Surg 1989,48:579-80) 


of antigenic activity and also the zones of high calcium 
content; (2) the elimination of water-soluble proteins and 
products of fermentative hydrolysis; (3) complete restruc- 
turing as a result of 30-day soaking in solutions of gluta- 
raldehyde of increasing concentrations (up to 0.5%). 

The immunogenicity of the obtained biomaterial was 
studied according to the “second set” method in experi- 
ments on inbred rats. This biomaterial was compared with 
native biomaterial and other methods of xenovalve treat- 
ment. Structural stability was studied through differential 
thermical analysis with the device “Setaram” (France). 
The mechanical properties of the biological tissue before 
and after treatment were tested with the device “Instron- 
1122” (England). 

The fashioning of the biological part of the prosthesis, 
the creation of the functionally supporting stent from 
propylene, and the principles of manufacture were based 
on a morphological and biomechanical study of aortic root 
elements. 

The hydraulic characteristics of “BAKS” have been 
compared with those of other biological and mechanical 
cardiac-valve prostheses in a mock circulatory system 
with both continuous and pulsatile flow. 

“BAKS” implantation in the supraannular position was 
performed using cardiopulmonary bypass with cold car- 
dioplegia. Of the 237 patients, 93.7% belonged to the New 
York Heart Association functional class IV and 35% were 
younger than 35 years. A total of 57.4% had mitral valve 
calcinosis and 16% had left atrial thrombosis and throm- 
boemboli in their medical history. 
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We studied the morphology of 37 bioprostheses re- 
moved from several days to 9 years after implantation. 


Results 


Immunological investigations in experimental and mor- 
phological studies of removed “BAKS” prostheses dem- 
onstrated that the fermentative-chemical method permits 
one to obtain bioprostheses practically void of immuno- 
genicity. In the valve-aortal complex of animals and 
humans a clear topography of fiber structures has been 
discovered: collagen fibers are distributed mostly in the 
fibrotic ring of aortic root bases, commissural rods, and 
the arch ring. Comparative analysis of these data and the 
results of hemodynamic and biomechanical studies dem- 
onstrated that these elements form a natural elastic stent 
of aortic root, which performs a weight-bearing function 
for the aorta, sinus of Valsalva, and leaflets. The construc- 
tion of “BAKS” preserves the function of all elements of 
the aortic root and provides the bioprosthesis with hemo- 
dynamic properties similar to those of the natural organ; 
the mean pressure gradient in bioprostheses is 4.32 + 0.36 
mm Hg (range, 2 to 9 mm Hg), with practically no 
regurgitation. 

The 10-year survival rate without hospital mortality was 
68.9% + 4.86%. Total follow-up was 11,232 patient- 
months (range, 6-118 months; mean, 57 months; 97% 
complete). In the late postoperative period 23 patients 
died without reoperation. Thirty-seven patients under- 
went a second operation; of these operations 25 were 
successful. The main causes of mortality and bioprosthe- 
sis dysfunction (per patient-year) were: infectious en- 
docarditis, 3.2%; spontaneous bioprosthesis degenera- 
tion, 0.96%; mechanical dysfunction resulting from 
damage in the manufacture of the prosthesis, 0.74%; left 
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atrial thrombosis and/or thromboemboli, 0.5%; sudden 
death, 0.2%; cardiac insufficiency, 0.3%; and other, 0.4%. 
Morphological studies demonstrated the gradual im- 
pregnation of bioprosthesis tissue with recipient plasma 
proteins starting from the first postimplantation day. 


Comment 


Our experimental research was aimed at developing a 
bioprosthesis with high biological and mechanical dura- 
bility. We consider the construction of “BAKS” as capable 
of sustaining long-term mechanical loads so that its initial 
functional properties are not destroyed and do not dete- 
riorate over time; also, the biological part of this biopros- 
thesis resists biologically destructive factors. Many of the 
problems have been solved. The number of dysfunctions 
resulting from the spontaneous degeneration of leaflets 
(without infectious endocarditis) is not high. The major 
problem that should be solved with the development of a 
new generation of bioprostheses is the impregnation of 
leaflets with recipient plasma proteins. In our opinion, 
this process, together with the mechanical loads that lead 
to the destruction of the density of fiber structures, 
accounts for spontaneous collagenic degeneration and 
bioprosthesis calcification. In patients with infectious en- 
docarditis this process occurs at a more rapid rate. 
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The Hancock modified-orifice porcine valve was fabri- 


cated as a result of documented obstruction of the Han- 
cock standard porcine valve in small sizes related to the 
retained muscle bar of the right coronary cusp. We 
implanted the first clinical Hancock modified-orifice 
valve in 1976, and have used this valve for aortic valve 
replacement to the present time. This analysis compares 
and contrasts the clinical performance of 401 Hancock 
standard and 385 Hancock modified-orifice valves over a 
period of 10 years. Statistical significance in actuarial 


n the early 1970s, after the successful introduction of the 
Hancock porcine bioprosthetic valve in 1970 [1], re- 
ports began te appear about serious transvalvar obstruc- 
tion in the smaller (25-mm diameter) sizes of aortic por- 
cine valves [2]. The Hancock valve company then devised 
a technique to modify and improve the effective valve 
orifice in the small porcine valves by removing the native 
right coronary cusp, which contains a bar of ventricular 
muscle despite careful trimming and thinning during 
mounting of the native porcine valve, and substituting the 
noncoronary cusp from a second animal, leaving a rela- 
tively nonobstructive effective orifice with cusps opening 
completely (Fig 1). Obviously, concern arose over the 
possibility of increased structural valve degeneration be- 
cause of the more complex fabrication process. We im- 
planted the first clinical Hancock modified-orifice (HMO) 
valve in the world in 1976 and have continuously used 
this valve through 1988 as an aortic valve replacement 
device in properly selected patients. 

This paper analyzes our experience with the HMO 
valve and contrasts its performance with the Hancock 
standard valve (HSV) at our institution, updating a pre- 
vious report [3]. 


Material and Methods 


Data analysis was carried out for 385 patients with HMO 
aortic valves inserted from October 1976 to January 1988 
and 401 patients with HSVs inserted from January 1972 to 
January 1988. Demographic data and information on 
associated pathology are summarized in Table 1. 

One can glean slight differences in the demography of 
patients from our data. In the HMO group patients 
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curves at 120 months was noted in long-term survival and 
thromboemboli. There was a slightly smaller amount of 
structural valve degeneration and incidence of reopera- 
tion with the modified-orifice valve compared with the 
standard valve. The Hancock modified-orifice valve has 
proven to be a satisfactory aortic valve replacement 
device, and its complex fabrication has withstood the test 
of time. 


(Ann Thorac Surg 1989;48:581-2) 


Table 1. Demographic and Pathological Data for Patients 
Studied 


HSV HMO 

Variable (n = 401) (n = 385) p 
M/F 322/79 257/128 0.001 
Mean age (yr) 59 64 0.0001 
AS/AR 246/155 302/84 0.001 
Functional class 

I 2 2 

II 24 22 

H 232 265 

IV 143 96 
Associated CABG 94401 (23%) 131/385 (34%) 0.0001 


AR = aortic regurgitation; AS = aortic stenosis; CABG = coronary 
artery bypass grafting; HMO = Hancock modified-orifice valve; 
HSV = Hancock standard valve. 


tended to be female and older and had more aortic 
stenosis and coronary artery disease requiring smaller 
valves and a higher rate of concomitant coronary artery 
bypass grafting. Operative techniques were similar and 
performed by the same surgeons with previously de- 


Table 2. Follow-up, Mortality, and Morbidity Data 


Variable HSV HMO p 
Operative mortality 27/401 (7%) 9/385 (2.3%) 0.004 
Mean postop follow-up (mo) 84 65 itis 
LTFU 3% 5% NS 
Late deaths 147 74 0.091 
Structural valve dysfunction 46 22 0.002 


HMO = Hancock modified-orifice valve; HSV = Hancock standard 


valve;  LTFU = lost to follow-up. 
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Fig 1. (Left) Standard porcine valve. 
Arrow points te muscle bar at 
base of noncoronary cusp. 
(Right) Modified-Orifice valve 
without muscle bar. (Repro- 
duced from DiSesa V], Allred 
EN, Kowalker W, Shemin R], 
Collins J] Jr, Con LH. Per- 
formance of a fabricated 
frileaflet porcine bioprosthesis. 
J Thorac Cardiovase Surg 
1987 ;94:220, by permission of 
The C.V. Mosby Co.) 


scribed techniques [4]. No valve was less than 21 mm in 
diameter in either group, but the percentage of 21-mm 
valves was higher in the HMO group (7 = 140). Couma- 
din (crystalline warfarin sodium) was not given to any 
patient postoperatively unless he or she was in atrial 
fibrillation. Follow-up was taken by personal exam or 
telephone interviews on or about October 1, 1988. The 
percent lost to follow-up was 3% for the HSV group and 
5% for the HMO group. All data were entered into the 
Harvard School of Public Health mainframe computer 
(Digital), and BMDL and SAS packages were used to 
calculate statistical significance by univariate, multivari- 


ate, and actuarial analysis. 


Results 


The operative and late results of aortic valve replacement 
with the HSV or HMO valve are summarized in Tables 2 
and 3. The higher operative mortality in the HSV group 
may be due to earlier time of performance and higher 


Table 3. Probability of Freedom From Risk Events at 10 
Years 





Probability of Freedom 
From Event 10 Years 
Postoperatively (“%) 








HSV HMO 
Event {n = 106) (m = 91) p 
Death (excluding operative 56 + 3° 65 +4 0.017 
death) 
Thromboemboli 88 + 2 80+ 4 6.006 
Anticoagulant-related 97 +1 9443 NS 
hemorrhage 
Hemolysis 100 99.4 NS 
Structural valve 8123 8344 NS 
dysfunction 
Infection 94 4] 9442 NS 
Reoperation 79 +3 8424 NS 
All morbidity 63 +3 55 +5 0.08 





* Number of patients at risk at 10 years. © Standard error of the mean. 


HMO = Hancock modified orifice valve; 
valve. 


HSV = Hancock standard 
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percentage of patients with aortic regurgitation. On the 
other hand, virtually all patients with HMO valves had 
crystalloid cardioplegia (introduced in early 1977), and this 
group had more patients with predominantly aortic steno- 
sis, but also exhibited a higher incidence of coronary artery 
disease requiring concomitant coronary artery bypass. 

The higher incidence of structural valve degeneration in 
the HSV group possibly reflects a longer follow-up, al- 
though the actuarial analysis at 10 years also suggests 
slightly better durability in the HMO valve. 

In Table 3 are summarized the actuarial calculations of 
probability of freedom from risk events at 10 years in both 
series. There is no increased incidence of structural valve 
degeneration for the HMO valve, and in fact there ap- 
pears to be a slightly lower incidence of this complication 
than with the standard Hancock valve, which validates 
the fabrication technique of the HMO valve. There is a 
slightly higher incidence of thromboemboli, which may 
reflect the smaller valves used, but these were not emboli 
leaving any sequelae. Finally the incidence of reoperation 
is also lower with the HMO valve, reflecting the lower 
incidence of structural valve degeneration. 

In conclusion, the HMO valve offers excellent relief of 
symptoms of aortic stenosis and aortic regurgitation. The 
more complex fabrication process does not affect the 
long-term durability of the valve, and its continued use 
for aortic valve replacement, particularly in the small 
aortic root in the elderly, seems justified. 
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Actuarial Analysis of a Uniform and Reliable 
Preservation Method for Viable Heart 


Valve Allografts 
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CryoLife has developed a method for cryopreserving 
allograft heart valves for transplantation. Since 1984, 
6,907 valves have been processed and 4,216 transplanted. 


Documentation was available on 2,647 transplants, 11 of . 


which were removed for structural deterioration and 13, 


he allotransplantation of heart valves was pioneered 
in 1955 by Gordon Murray with a series of fresh 
aortic valve transplants. In 1962, Mr Donald Ross [1] and 
Sir Brian Barratt-Boyes and colleagues [2] independently 
performed the first orthotopic transplantations of allograft 
aortic valves. Because of the limited supply of transplant- 
able tissue and the short periods of tolerable tissue isch- 
emia, methods of extended storage were used including 
cold storage in tissue culture media with antibiotics, 
freeze drying, and freezing. Although the initial studies 
did not examine cell viability, subsequent work by 
O’Brien and associates [3] suggested that the viable com- 
ponents of the allograft enhance long-term survival. The 
92% freedom from valve-related complications at 6 years 
reported by O’Brien and co-workers [3] is particularly 
impressive when compared with the 73% freedom for 
nonviable homografts, the 65% freedom for mechanical 
valves, and the 57% freedom for bioprostheses. 


Material and Methods 


Since 1984, 4,397 human hearts have been received from - 


176 independent procurement centers. Of the 6,907 valves 
processed, an estimated 4,216 have been transplanted by 
350 physicians at more than 200 centers throughout the 
United States and Canada and three centers in Western 
Europe, for a total of 4,478 transplant-years. Documenta- 
tion was available on 2,647 of the transplanted valves. 

The primary cause for valve transplantation was as 
follows: rheumatic fever, 3%; degenerative disease of the 
aortic or pulmonary valve, 10%; preexisting endocarditis, 
4%; congenital disease of the aortic valve, 11%, and of the 
pulmonary valve, 55%; hypoplastic left heart, 3%; and 
replacement of a previous prosthetic valve or conduit, 
12%. The homograft was used for the right heart in 63% of 
the patients and the left heart in the remaining 37%. 
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for nonstructural deterioration. At the end of 35 months, 
actuarial survival was 99.17% and the estimated freedom 
from reoperation, 97.16%. There have been no reports of 
thromboembolism or valve-related death. 

(Ann Thorac Surg 1989;48:S83-4) 


Technique 

Successful maintenance of cell viability during processing 
is dependent on a number of variables, which have 
previously been discussed in detail [4]. On arrival at the 
processing laboratory, the hearts were dissected and the 
valves placed into antibiotic media optimized for mini- 
mum cytotoxicity. Then the valves were transferred to a 
cryoprotective solution containing dimethylsulfoxide and 
cryopreserved in liquid nitrogen. After thawing and dilu- 
tion, cell survival of approximately 90% was obtained for 
the fibroblasts of the cryopreserved valve leaflets relative 
to untreated fresh controls [5]. 


Statistical Method 


Implant data were grouped into 1-month intervals and 
analyzed according to the life-table methods described by 
Cox and Oakes [6]. 


Results 


Of the 2,647 transplants on which data are available, 11 
have been removed because of structural deterioration 
(Table 1). Calcification, prevalent with bioprosthetic im- 
plants, has been reported in only four instances. These 
were restricted to younger recipients (mean age, 1.4 
years), and occurred within a mean time of 1.4 years. The 
number of removals resulting from calcification was re- 
markably low considering that 53% of all transplants are 
in children less than 10 years old. Cusp degeneration 
(three instances), dehiscence (two), and insufficiency/ 
regurgitation (two) accounted for the remaining seven 
removals for structural deterioration. At the end of 35 
months, actuarial survival was 99.17%. 

-Nonstructural deterioration (13 instances) is summa- 
rized in Table 1. By definition, this means instances 
when the valve was removed for reasons not directly 
attributable to the valve, such as preexisting suture 
lines, Dacron conduit extensions, and surgical technique. 
An additional 5 valves were removed because of 
unsuccessful treatment of preexisting valve endocarditis. 
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Table 1. Summary of Data on Removal of Allografts 





` Mean Time of Mean Right Left 





No. of Implantation Age Heart Heart 
Cause Valves (yr) (yr) '(%) (%) Comment 
Structural deterioration ` i . l 
Calcification 4 1.4 1.4 75 25 Children 
Cusp degeneratior: 3 0.6 43° 33 66 Procurement time > 24 h (2); 
=. immunology (2) 
Dehiscence 2 0.1 38 0 100 Hypertensive (1); preexisting 
endocarditis (1) 
Insufficiency/reg argitation 2 0.6 33 0 100 Preexisting endocarditis (1) 
Total/mean 11 j 0.7 29 36 (4/11) 64 (7/11) 
Nonstructural deterioration 
Calcification 2 1.4 7 100 0 Dacron conduit extension (1); 
: i - i preexisting suture (1) 
Stenosis 5 1.3 16 80 20 Dacron conduit extension (3); 
l l preexisting suture (1) 
Torn valve/conduit 2 0.0 60 0 100 Intraaortic balloon pump (2) 
Insufficiency/regurgitation 2 0.9 25 50 “50 Technique (2) 
Miscellaneous 2 0.9 7 100 0 Conduit twist (1); associated 
f patch aneurysm (1) 


Total/mean 13 0.9 23 69 (9/13) 31 (4/13) 





At 35 months, tke combined total of 29 removals repre- Comment 


senting all reoperations resulted i in an actuarial survival of Actuarial survival analysis of an estimated 4,478 implant- 
97.16% Fig 1). years of data suggests that cryopreserved allograft heart 
, valves are superior in performance compared with pros- 

thetic and bioprosthetic tissue implants. : 
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Cryopreserved Valve Conduits for Outflow Tract 
Reconstruction in Pediatric Patients 


David R. Clarke, MD 
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Or hundred twenty-one cryopreserved pulmonary 
and aortic allograft valves and conduits have been 
implanted over the past 4 years to reconstruct complex 
outflow tract anomalies. Their versatility, relative ease of 
implantation, and ability to provide a surgical option in 
patients with an otherwise inoperable condition make 
these allografts invaluable to the pediatric cardiac sur- 
geon. 


Material and Methods 
Right Ventricular Outflow Tract 


Eighty-nine children underwent operation to reconstruct 
the right ventricular outflow tract. Seventeen repairs 
using aortic allografts represent the early experience with 
use of cryopreserved valves. Unless anatomy dictates the 
use of the longer conduit of an aortic allograft, pulmonary 
conduits exclusively- are now used for right ventricular 
outflow tract reconstruction. 

The 89 patients who underwent aortic or pulmonary 
reconstruction of the right ventricular outflow tract 
ranged in age from 1 week to 16 years (mean age, 3.2 
years). Diagnoses were tetralogy of Fallot in 41 patients, 
pulmonary atresia in 16, truncus arteriosus in 9, double- 
outlet ventricle in 9, transposition of the great arteries in 
8, and pulmonary stenosis in 6. Seventy-four children 
(83%) had had 79 prior cardiac surgical procedures includ- 
ing 37 unilateral and eight bilateral systemic-pulmonary 
artery (PA) shunts. 

The allografts implanted had an internal diameter rang- 
ing from 9 to 26 mm (mean internal diameter, 20 mm). 
Sixty-eight children (76%) received allografts of acceptable 
adult size [1]. 

There were 19 perioperative deaths (21%). Fourteen 
were attributed to low cardiac output. Other causes in- 
cluded sepsis, pulmonary vascular disease, pneumonia, 
and arrhythmias. Two late deaths occurred, one second- 
ary to neurological problems and the other secondary to 
pulmonary problems. 

A 12-year-old patient received concurrent pulmonary 
and aortic valve allografts. At age 5 years, he had a 
Rastelli procedure employing a porcine valved conduit. 
Aortic insufficiency and conduit stenosis subsequently 
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developed. The allograft procedure was successful and at 
18 months’ follow-up, the patient is asymptomatic. 

One pulmonary allograft was replaced because of insuf- 
ficiency 15 months. after the initial operatior. to repair 
tetralogy of Fallot. At reoperation, the left PA was 
stenotic. A replacement pulmonary allograft including the 
PA bifurcation was inserted, and the child continues to do 
well 2 years after reoperation. All 57 surviving children 
are asymptomatic with functioning valves after 1 month 
to 44 months of follow-up (mean follow up, 20 months). 

Primary pulmonary allograft valved conduit repair of 
tetralogy of Fallot offers the most complete restoration of 
structure and function currently possible. In an isolated 
study [2], 12 patients who underwent pulmonary artery 
conduit repair of simple tetralogy of Fallot were compared 
with a chronologically overlapping group of 25 patients 
who received transannular patch repair of the same dis- 
ease. The incidence of both early postoperative right 
ventricular failure (17/25 or 68% versus 2/12 or 17%) and 
hospital death (6/25 or 24% versus 1/12 or 8%) was 
noticeably greater in the transannular patch group. Of the 
patients who had initial transannular patch repair, 5 
subsequently required reoperation to receive a pulmonary 
valve allograft. These children as well as the 11 survivors 
in the pulmonary artery conduit repair group are asymp- 
tomatic with mild pulmonary regurgitation, which has 
not progressed. Although not clearly superior, early clin- 
ical results with primary placement of a pulmonary artery 
conduit are at least comparable with those with transan- 
nular patch repair. 


Left Ventricular Outflow Tract 


Since February 1985, 32 aortic valve allografts have been 
used to reconstruct the left ventricular outflow tract. This 
experience includes 21 extended aortic root replacements 
[3], seven other aortic root replacements, one free-sewn 
allograft, and three miscellaneous left ventricular outflow 
tract reconstructive procedures. 

Twenty-one extended aortic root replacements were 
performed in 20 children. Patient age ranged from 11 days 
to 15 years (mean age, 7 years). Twenty-one patients had 
undergone 30 prior cardiac procedures. The majority were 
aortic subvalvular membrane resections, aortic valvoto- 
mies, and aortic coarctation repairs. Indication for opera- 
tion was recurrent subvalvular aortic stenosis in 12 pa- 
tients, aortic stenosis with hypoplastic annulus in 4, and 
complex aortic stenosis in 3. Two children had severe 
aortic insufficiency, 1 secondary to endocarditis and 1 
secondary to aortic allograft valve failure. 

Aortic valve allografts ranging from 11 to 23 mm in 
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internal diameter (mean internal diameter, 19 mm) were 
placed. There was one intraoperative death (5%), an 
11-day-old infant with severe aortic stenosis after aortic 
valvotomy at birth. Extensive endocardial fibroelastosis of 
the entire left ventricle was found, and the patient could 
not be weaned from cardiopulmonary bypass. Complica- 
tions included three incidences of transient. heart block. 
The most serious complication was Serratia marcescens 
mediastinitis, which resolved with no allograft damage. 
Hight patients had no, perioperative problems, and all 
postoperative complications were resolved by the time of 
hospital discharge. 

Ina 22-month-old child, severe aortic regurgitation 
developed 8 months after extended aortic root replace- 
ment. Surgical findings were compatible with rejection, 
and a regimen of cyclosporine was begun with implanta- 
tion of the second allograft. Two months after redo 
extended aortic root replacement, the child is doing ex- 
tremely well. Early follow-up (mean period, 19 months) 
reveals the remaining patients are asymptomatic. 

Seven additional aortic root replacements were per- 
formed in patients with a variety of complex lesions. Five 
patients (71%) had undergone.a previous cardiac. proce- 
dure. There were two perioperative deaths, one second- 
ary to Candida sepsis in a patient with Shone’s anomaly 
who had mitral valve replacement in addition to aortic 
root replacement. The second death occurred as a result of 
myocardial dysfunction in a newborn seen with aortic 
stenosis, insufficiency, and interrupted aortic arch. There 
was one late death. The patient was seen as a neonate 
with aortic root and valvular hypoplasia. Three successive 
allografts were inserted when the patient was 3 days, 2 
months, and 4 months old. The allografts became insuf- 
ficient, and rejection was suspected. Azathioprine ther- 
apy was instituted after the third procedure, but the child 
died at 1 year of-age of irreversible myocardial failure 
secondary to an infectious cardiomyopathy. 

Excellent results were obtained with aortic root replace- 
ment in a 2-year-old child with interrupted aortic arch, 
smiall aortic annulus and root, and ventricular septal 
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defect. As a neonate, he underwent PA banding and 
construction of a conduit from the main PA to the de- 
scending thoracic aorta. Two years later, he exhibited 
cyanosis and shortness of breath. At repair, the graft 
conduit was taken down and the PA band was resected 
and reanastomosed. The small ascending aorta was de- 
tached, closed below ‘the coronary arteries, and anasto- 
mosed side-to-side to a long aortic valve allograft used to 
create a new left ventricular outflow tract. Plication of the 
left hemidiaphragm was required 2 weeks postopera- 
tively, and supraventricular tachycardia and a decreased 
level of consciousness were transient problems. The child 
is active and asymptomatic 6 months after operation. 


Comment 


The advantages of cryopreserved pulmonary and aortic 
allograft valves and conduits over mechanical and other 
tissue valves are becoming increasingly apparent. The 
ability to repair very complex lesions, place adult-sized 
valves in small children, and avoid anticoagulation in the 
pediatric population offers definite advantages. The early 
results in these patients with extremely complex cardiac 
disease encourage the continued use of allograft valve 
conduits. 
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The Intact Bioprosthesis: The First 4 Years 


M. A. Williams, FRCS : 


Department of Cardio-thoracic Surgery, Provincial Hospital, Port Elizabeth, South Africa 


The Intact porcine bioprosthesis became available for 
clinical use in 1984. The device incorporates three inno- 
vations aimed at reducing calcification and improving 
durability. Between October 1984 and March 1988, 221 
valves were implanted in 200 patients. Sixty-two valves 
were implanted in the aortic position, 155 valves in the 
mitral position, and 4 valves in the tricuspid position. 
The average age was 39 years, and 27 patients were under 
the age of 20 years. The hospital mortality was 4.5%. The 


he Intact valve is a second-generation porcine valve 
and incorporates three innovations aimed at improv- 
ing durability and reducing the potential for mineraliza- 
tion. The valve is mounted on a high-profile stent with 
deeply excavated sinuses. The high profile retains the 
natural position of the valve and preserves normal coap- 
tion of the valve cusps. Deep excavation of the sinuses 
prevents cusp abrasion on the stent rails. The valve is 
fixed in glutaraldehyde in the semiopen position in a 
stress-free environment. This method retains the natural 
structural characteristics of the valve; retention of the 
crimp pattern of the fibrosa layer of the cusps is thought 
to be of particular importance in extending durability [1]. 
The valve is exposed to toluidine blue, which occupies the 
calcium binding sites; this process should mitigate miner- 
alization. These theoretical advantages encouraged us to 
embark on a program of valve replacement using the 
Intact valve. 


Clinical Material 


During the period October 1984 to March 1988, 221 valves 
were implanted in 200 patients. The most common oper- 
ation was isolated mitral valve replacement (Table 1), and 
the most common indication for operation was chronic 
rheumatic valve disease (Table 2). Survivors were fol- 
lowed for 6 to 48 months for a total follow-up of 345 
patient years. Follow-up is 98% complete. 


Results 


There were nine hospital deaths (mortality, 4.5%). Two of 
these deaths were related to ventricular perforation, a 
well-recorded complication of mitral valve replacement 
using stent-mounted valves [2]. None of the other deaths 
was valve related. Twenty-four deaths have been re- 
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follow-up was from 6 to 48 months, and the actuarial 
survival at 48 months was 83%. In the group aged less 
than 20 years six valves have been explanted for calcific 
prosthetic stenosis. In the group older than 20 years 
postoperative catheterization studies have demonstrated 
satisfactory hemodynamics; in this group the results of 
valve replacement using the Intact valve are regarded as 
encouraging. 

(Ann Thorac Surg 1989;48:S87-8) 


Table 1. Valve Sizes Used in Each Position 





Valve Size 
Position 21 23 25 27 29 31 33 
Mitral are sae 3 14 45 86 7 
Aortic 1 26 20 15 ad Bis loa 
Tricuspid Besa SRL Vege 1 TE 1 2 


corded during the 48-month follow-up period. Four of the 
deaths are regarded as valve related. One patient died 
after a cerebral embolus, 1 patient died because of an 
anticoagulant-related hemorrhage, and 2 patients died as 
a result of prosthetic stenosis. The actuarial survival at 48 
months is 83%. 


Emboli 
Three emboli were nonfatal, and one was fatal. The fatal 
embolus occurred 18 months after the operation. 


Paravaloular Leaks 


Three patients required reoperation for paravalvular 
leaks. In 2 of these patients the leak was related to 
ongoing infective endocarditis. 


Functional Class 


The functional class of survivors was estimated 3 to 6 
months after operation. Two patients were assessed as in 


Table 2. Reasons for Valve Replacement 


Percentage of 


Reason ; Replacements 

Rheumatic valve 61 
disease 

Previous procedure 18 

Infective endocarditis 7 

Degenerative 12 

Congenital/traumatic 2 
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New York Heart Association functional class III, and the 
remainder are in class I or I. 


Reoperation 

Ten patients underwent reoperation. Three reoperations 
were related to paravalvular leaks, six to valve calcifica- 
tion, and one to a dissecting aneurysm of the aorta. The 
actuarial freedom from reoperation at 4 years is 91%. 


Patients Less Than 20 Years of Age 


Twenty-six patients were less than 20 years of age. In this 
group six valves have been explanted for calcification. The 
valves were explanted between 20 and 40 months post- 
operatively, and actuarial prediction of freedom from 
calcification at 40 months is 66%. 


Postoperative Studies 

Twenty-five patients have been restudied. Six of these 
patients were found to have prosthetic calcification, and 
all of these valves have been explanted. Four aortic valves 
were found to have acceptable gradients. In 15 patients in 
whom mitral valve replacement was performed the gra- 
dients across the valves were acceptable in the size 29 and 
31 valves. In the smaller valves the gradients were re- 
garded as too high. 
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Comment 

In the group aged less than 20 years results have been 
disappointing. Six valves have been found to be stenotic 
as a consequence of calcification. All six of these valves 
have been explanted, and 1 patient died after reoperation. 
We no longer implant this device in young patients. In the 
adult group in whom the larger valves have been im- 
planted the systolic gradients across the aortic valves and 
mean diastolic gradients across the mitral valves are 
within the range usually accepted for porcine valves. 
There has been one episode of primary valve failure in 
this group. All survivors in this group are currently in 
functional class I or II, and the results are regarded as 
encouraging. 
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This study compares a retrospective consecutive series of 
human allografts and concurrent porcine xenografts im- 
planted over a 10-year interval. There were 571 allograft 
valves and 1,351 xenograft valves implanted in the aortic 
and mitral position with mean follow-up of 12.8 years for 
the allografts and 6.2 years for the xenografts. This study 
compares the incidence of structural deterioration over 
long-term follow-up. We found that there was no signif- 
icant difference between four manufacturers of porcine 
xenografts, in spite of substantial differences in process- 


he resurgence of interest in the use of allografts for 

aortic valve replacement, particularly in young pa- 
tients, has prompted a comparison of the incidence of 
sterile structural deterioration in 1,922 patients, 571 al- 
lograft and 1,351 xenograft aortic and mitral valve recipi- 
ents, between 1969 and the present. There was a total of 
10,821 patient-years of follow-up in this group, with a 
follow-up of 82.5% and 89.8%, respectively, and a mean 
follow-up of 12.8 and 6.2 years, respectively, for the 
allograft and xenograft patient groups. 

Allograft implants were antibiotic-sterilized fresh or 
frozen viable grafts. Porcine xenografts were obtained 
from four different manufacturers (Cutter, Hancock, An- 
gell-Shiley, and Carpentier-Edwards xenografts) (Fig 1). 
All four manufacturers used glutaraldehyde as the basic 
tanning agent, although with widely varying techniques 
including glutaraldehyde concentrations from 0.2% to 
0.67%, fixation pressures of 0 to 120 mm Hg, and stents 
composed of metal, polypropylene, and Delrin. 

Sterile structural deterioration was the most serious 
complication analyzed. This occurred predominantly as a 
result of calcification in both valve types, despite this 
being an uncommonly reported failure mode in other 
allograft series. There was no difference in the incidence 
of structural deterioration relative to the porcine valve 
manufacturers, which suggests that calcification as a 
primary mode of valve failure is independent of stent 
design, concentration of glutaraldehyde, and fixation 
pressure. 

The Angell-Shiley design for increased durability, with 
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ing techniques. We found that there was a significant 
difference in allografts that were premounted on stents as 
compared with allografts that were not premounted on 
stents for aortic valve replacement. We found that there 
was no significant difference between allografts for aortic 
valve replacement that were not premounted on stents 
and porcine xenografts implanted in the aortic position. 
These findings are in marked contrast to those of other 
reported series with the use of allograft valves. 

(Ann Thorac Surg 1989;48:S89-90) 


140 anatomically shaped stents, had no effect on struc- 
tural deterioration. The valve has been modified to the 
Angell-Duran valve using similar proven materials and 
methods (Bravo Cardiovascular, Inc, Irvine, CA). Sixty 
implants have confirmed the proven flow characteristics. 
There were no differences relative to the experience of the 
manufacturer as evidenced by the early Cutter xenograft 
valve, implanted in the early 1970s, and the Carpentier- 
Edwards valve implanted 10 years later. The allograft 
valve tended toward earlier structural deterioration than 
the xenograft in all subgroups (Table 1). Those subgroups 
that exhibited a significant difference, and the interval 
during which the deterioration rate reached statistical 
significance, are outlined in Figure 2. The age of the 
recipient affected the mean time to structural deterioration 
in all xenografts and in the mounted allograft series. 

It is generally accepted that the fresh antibiotic- 
sterilized or frozen viable allograft is more durable than 
the porcine xenograft. These data do not support this 
thesis. In fact, the data suggest that the stented allograft 
tissue valve is less durable than the unstented, and raise 
the possibility of improved durability of unstented xe- 
nografts. 

The conclusions that we draw from this analysis are as 
follows. (1) Within a follow-up interval of up to 14 years, 
the porcine xenografts did not have an increased rate of 


Table 1. Time to 40% Valve Failure 





Time to 40% Failure 
Subgroup (yr) 
Porcine aortic valve 
Allograft unmounted aortic valve 
Allograft mounted aortic valve 
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HUMAN ALLOGRAFT AND PORCINE XENOGRAFT 


Fig 1. Structural deterioration in porcine 
xenografts obtained from four different manufac- 
turers with different methods of glutaraldehyde 
fixation and stent design. (Ao/M = aortic, stent- 
mounted; A-S = Angeil-Shiley.) 


Freedom from Structural Deterioration (%) 


Fig 2. Structural deterioration comparing porcine 
valves with stent-mounted (Mt) and non- 
stent-mounted (Unmt) allografts. 


Freedom from Structural Deterioration (%) 


sterile structural deterioration when compared with al- 
lografts. (2) Porcine xenograft valves did not have a 
different rate of structural deterioration relative to manu- 
facturer, in spite of marked differences in stent composi- 
tion, glutaraldehyde concentration, pressure of fixation, 
and time of implantation. (3) Stent mounting decreased 
the durability of aortic allografts. (4) The rate of structural 
deterioration with porcine valves and with mounted aor- 
tic allografts was age-related. 
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Cutter Ao/M 
Hancock Ao/M ——— 
A-S Ao/M 

Carp-Ed Ao/M 


2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 


Years 


368 


Porcine Aortic 


312 195 55 


==- Allografts Unmt Aortic 


100 88 71 58 


+ Allografts Mt Aortic 
27 23 18 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Years 
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Technical Problems in Mitral Valve Repair 


and Replacement 
Denton A. Cooley, MD 


Texas Heart Institute and University of Texas Medical School, Houston, Texas 


perations for mitral stenosis were the earliest suc- 

cessful intracardiac procedures [1]. The first direct 
attack on the lesion was made in 1923 by Cutler and 
Levine [2] of Boston. These surgeons introduced instru- 
ments and a special punch into the mitral valve with the 
hope of relieving mitral stenosis. Souttar [3] of London is 
often credited with the first successful mitral valvotomy, 
but review of his report strongly suggests that he only 
explored digitally for mitral regurgitation. No apparent 
effort was made to pursue further the surgical treatment 
of mitral valve disease until the late 1940s. Then three 
pioneers in cardiac surgery, Bailey [4] of Philadelphia, 
Harken [5] of Boston, and Brock [6] of London, reported 
success in mitral valve procedures, mitral commissur- 
otomy, valvuloplasty, and valvotomy. Results of closed 
valvotomy were strikingly improved ‘with the later intro- 
duction of expanding valve dilators. Even today, mitral 
valvotomy by transventricular dilation is used effectively, 
mostly in Third World countries. Mitral valvuloplasty for 
regurgitant valves attempted before the availability of 
cardiopulmonary bypass was ineffective. 

With the advent of cardiopulmonary bypass, open 
repair of mitral stenosis became routine. Now the fused 
commissures characteristic of rheumatic valvulitis can be 
incised precisely under direct vision and opening them 
produces an almost normal, functioning valve. Subvalvu- 
lar dissection of fused chordae tendineae and papillary 
muscles enhances the repair. The open technique also 
permits careful removal of left atrial thrombi, which are 
frequently present, thus preventing systemic emboli. 
Even in the presence of valve calcification, repair can be 
successful. In severely calcified and deformed valves, 
however, replacement is necessary. 

Credit for developing valvular prostheses belongs to 
many investigators, but the ones who first brought total 
valvular prostheses to popular clinical use were Starr and 
Edwards [7], who described their silicone ball-valve pros- 
thesis in 1961. Later, Cartwright and associates [8] de- 
scribed a full-orifice, caged-ball device in which the ball fit 
inside the valve ring. Eventually, more durable valves 
became available. Along with Sam Goodenough and Paul 
Kahn, my colleagues and I [9] designed a valve based on 
this principle, but we used a biconical Pyrolite disc instead 
of the silicone ball. l 

In patients who have advanced deterioration of the 
valve, usually as a result of severe rheumatic valvulitis, 
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replacement should be done with a properly selected 
prosthesis. The choice of a mechanical valve or a biopros- ' 
thesis depends on many factors, including the age, sex, 
and socioeconomic status of the patient, as well as any 
history of bleeding, which would make anticoagulation 
hazardous. The improvement in mechanical prostheses, 


“especially those of bileaflet, low-profile design fabricated 


with Pyrolite carbon, has encouraged us to use them in 
the majority of patients [10]. In patients in whom mechan- 
ical prostheses are contraindicated, however, porcine 
bioprostheses can be used, although their durability is 
usually limited (8 to 10 years) [11]. Our experience with 
xenograft bovine pericardial valves indicated that durabil- 
ity was even less than that of porcine valves. 

In recent years the approach to valve replacement for 
mitral stenosis has changed. Evidence is now clear that 
the chordal attachments to the papillary muscles should 
be preserved to enhance ventricular function postopera- 
tively [12]. Thus, in most cases, only the anterior leaflet is 
removed, which preserves the posterior leaflet and 
chordal attachments. Preservation of the posterior leaflet 
also avoids the dreaded complication.of posterior rupture 
of the annulus after valve replacement. 

Mitral regurgitation presents a more diverse pathology 
and may be due to leaflet abnormality, annular dilatation, 
or a combination of these elements. Mitral valve prolapse 
is a common cause of regurgitation that lends itself readily 
to repair unless the annulus is calcified. If a partial rupture 
of the posterior leaflet has occurred, the flail scallop is 
excised, the remaining leaflet i is repaired, and the annulus 
is reduced and supported by a circumferential fabric ring. 
Mitral regurgitation frequently. accompanies ischemic 
myocardial disease and generally responds to annular 
repair alone, as the leaflets are usually normal. Valvulo- 
plasty does not require postoperative anticoagulation. 

In a small series of patients with regurgitation due to 
prolapse, we have used intravalvular or in situ implanta- 
tion of a low-profile valve prosthesis [13]. This technique 


` maintains the integrity of the left ventricular attachments 


and the function of the chordae tendineae and papillary 
muscles, which may decrease the incidence of postoper- 
ative left ventricular dysfunction that has been noted after 
standard mitral valve replacement [12]. The results in 
general have been favorable. 

Suture technique for implantation of mitral prostheses 
is at the option of the surgeon. In most of our patients 
mattress sutures with felt pledgets are used, placing the 
pledget in a supraannular position. In some patients with 
a favorable annulus a continuous suture of 2-0 polypro- 
pylene is used. No difference has been noted in the 
incidence of dehiscence. When perivalvular leak occurs, 
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hemolysis usually follows and may require reoperation 
for repair. Although most complications of this type result 
from infection, in some instances they occur when the 
annular tissue is of marginal quality for suturing. 

` From 1977 through June 1988 at the Texas Heart Insti- 
tute we performed mitral valve replacement in 1,899 
patients (54.4%) and mitral valve repair in 1,592 patients 
(45.6%). Of the patients who underwent mitral valve 
replacement, 48.7% were men and 51.3% were women. 
Of the patients who underwent mitral valve repair, 45.2% 
were men and 54.8% were women. Although the number 
' of valve replacements for mitral valve disease has de- 
creased in the past few years, the number of repairs has 
increased proportionally. This trend reflects the increas- 
ing number of patients being referred to interventional 
cardiologists for valvuloplasty and the current thought 
that, when possible, repair of the mitral valve should be 
attempted before replacement is considered. 
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Tricuspid Regurgitation Associated With Mitral 
Valve Disease: Repair and Replacement 
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Between January, 1975 and June 1988, 156 patients with © 


combined miitral and tricuspid valve disease underwent 
mitral and tricuspid valve repair or replacement. There 
were 127 (81%) patients with tricuspid valve repair and 
29 (19%) patients with tricuspid valve replacement. Hos- 
pital mortality was 14% and was strongly influenced by 
preoperative pulmonary hypertension (systolic pressure 
> 65 mm Hg) and poor left ventricular function (ejection 
fraction < 0.4). Five-year survival for the entire series 


A: is the case for the mitral valve, tricuspid valve repair 
is preferred over replacement. The technique of 
tricuspid annuloplasty was first reported by Zubiate and 
Kay in 1964 [1] as a treatment for tricuspid regurgitation 
associated with tricuspid stenosis. In 1965, Kay, Maselli- 
Campagne, and Tsuji [2] reported the first series of pure 
tricuspid regurgitation treated by annuloplasty. Essen- 
tially the technique has not changed since then and 
consists of narrowing the tricuspid annulus by doing 
away with the posterior leaflet and creating a competent 
bileaflet valve. Subsequently other annuloplasty tech- 
niques have been proposed [3-5]. There have been few 
reports regarding long-term durability and the debate 
over selecting the best technique continues. This study 
provides a 12-year follow-up on patients with tricuspid 
regurgitation associated with mitral valve disease who 
required repair or replacement of both valves. 


Patients and Methods 


Clinical Characteristics 


Between January -1975 and June 1988, 1,449 patients 
required mitral valve operation. Eleven percent (156 pa- 
tients) had tricuspid regurgitation associated with mitral 
valve disease and underwent tricuspid and mitral valve 
repair or replacement. 

Patients ranged in age from 17 to 87 years (mean age, 61 
+11 years); 108 were women (69%) and 48, men (31%). 
Preoperatively, 63 patients were in'Ñew York Heart 
Association functional class IÍ (40%) and 93 were in class 
IV (60%). Mean systolic pulmonary artery pressure was 59 
+ 23 mm Hg. Mean left ventricular ejection fraction was 
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was 57% + 5%; 12-year survival was 44% + 9%. Ejection 
fraction was the only age-adjusted risk factor for long- 
term survival. Of the patients who underwent tricuspid 
annuloplasty, 91% + 4% were free from reoperation after 
10 years, indistinguishable from valve replacement (90% 
+ 7%). Our tricuspid annuloplasty is simple and effec- 
tive, and exhibits excellent long-term durability as well 
as immediate hemodynamic improvement. 

(Ann Thorac Surg 1989;48: 893-5) 


57 + 0.14. Ninety-seven patients had a positive NPON: of 
rheumatic fever. 

Despite an aggressive policy of valve repair, primary 
mitral valve replacement was necessary i in 141 patients 
(90%). Four patients (3%) had previous mitral replace- 
ment, and 11 (7%) underwent repair. Concomitant aortic 
valve replacement was performed in 25 patients (16%) 
and coronary artery bypass grafting in 19 patients (12%). 
Tricuspid repair was done in 127 patients (81%). Twenty- 
nine patients (19%) had severe organic changes in the 
tricuspid leaflets and required tricuspid replacement. For 
tricuspid replacement, the Ionescu-Shiley valve was used 
in 11 patients, the Kay-Shiley valve in 7, the Hancock 
valve in 5, the St. Jude Medical valve in 3, the Carpentier- 
Edwards valve in 2, and the Medtronic Hall valve in 1. 


Operative Technique 

The details of the operative technique of tricuspid annu- 
loplasty were described in 1965 [2] and have not changed. 
In short, the method consists of converting an incompe- 
tent three-leaflet valve into a competent two-leaflet valve. 
Two, or at most three, figure-of-8 sutures of No. 2 silk or 
mattress sutures with Teflon felt are placed in the annulus 
of the posterior leaflet. A loose two-finger-breadth open- 
ing is desired. After the procedure, cold saline solution is 
injected through the tricuspid valve into the right ventri- 
cle to test the competence of the valve. 


Results 


There were 22 hospital deaths (14%) in the entire series. 
Systolic pulmonary artery pressures greater than 65 mm 
Hg (risk ratio of 3.07, p = 0.0041) and left ventricular 
ejection fraction less than 0.40 (risk ratio of 2.7, p = 
0.0103) were independent risk factors for in-hospital 
death. 

There were 35 late deaths. The actuarial survival rate for 
the entire series (hospital deaths included) was 57% + 5% 
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Fig 1. Comparison of survival probability 
between patients with normal and poor 
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at 5 years and 44% + 9% at 12 years. Figure 1 shows the 
effect of left ventricular éjection fraction on survival, 
which was the only significant determinant after adjust- 
ing for age. Figure 2 shows there was no statistical 
difference in long-tefm survival between. patients recēiv- 
irig tricuspid repair and replacement (60% + 6% versus 
47% + 10% at 5 years, respectively). However, among 
patients with elevated pulmonary artery pressures and 
poor left ventricular function, patients who underwent 
repair seemed to do better than those with replacement, 
but the numbers are too small for-statistical analysis. 

At 10 years, 91% + 4% of the patients who had 
undergone tricuspid repair and 90% + 7% of the patients 
who had undergone replacement were free from reoper- 
ation for tricuspid valve dysfunction (Fig 3). 


Comment 

This study demonstrates the excellent long-term results of 
this technique of tricuspid valve repair. Doing away with 
the posterior tricuspid leaflet is simple, quick, hemody- 


Fig 2. ata of survival probability 
between patients receiving tricuspid valve A 


Time (yr) 


namically effective, and durable. It carries no risk for heart 

block because the posterior leaflet annulus is far from the’ 
conduction system. It is important to take a good bite of 

the annulus with large sutures (No. 2) to ensure durabil- 

ity. We abandoned use of inferior caval snares to prevent 

inadequate drainage and the resulting increased back 

pressure, which can cause lethal postoperative liver dys- 

function [6]. When the right atrium is opened, several 

pump suctions are placed at the orifice of the inferior vena 

cava to obtain a bloodless field. Complete correction of the 

mitral valve dysfunction is mandatory. Frequently this’ 
can only be done by replacing the valve: Digitalis and 

fluid restriction are essential to avoid heart failure post- 

operatively, Based on our experience and that of Nakano 

and co-workers [7], this technique for tricuspid annulo- 

plasty sets a high standard for the treatment of tricuspid 

regurgitation. 








‘This study was supported in part by The Los Angeles Thoracic 
and Cardiovascular Foundation. 
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TRICUSPID REGURGITATION AND MITRAL VALVE DISEASE 


Fig 3. Valve durability of tricuspid valve 
repair and replacement. 
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The Flexible Monocusp Valve: The Second and 
Third Successful Mitral Valve Replacements ` 


Robert W. M. Frater, MD 


Albert Einstein Hospital, Bronx, New York 


he flexible monocusp valve was developed during 
1959 and 1960 while I was a Fellow in General and 
Cardiothoracic Surgery at the Mayo Clinic. My thesis 
adviser for the Master of Science in Surgery was F. H. 
Ellis, Jr. He suggested that as a project, I should develop 
a mitral valve prosthesis. The project was started with an 
intense multispecies study of normal mitral valve anat- 
omy and physiology [1]. From this study, it was consid- 
ered that the ideal design should have a low profile’ (to 
avoid septal contact and outflow obstruction), central 
flow, and occluding mechanisms that moved as far as 
possible across the flow path during opening and closing 
rather than up and down in the direction of flow. To do 
this the occluder needed flexibility. However, we decided 
for practical reasons to achieve this without using chordae 
[2]. 

Ellis conceived the idea of an open cell sponge to allow 
permanent fibrous union with the recipient. Doughnuts 
of “Ivalon” sponge, placed under inflow stasis on the 
atrial side of the tricuspid valve, acquired a smooth, shiny 
cellular covering and firm fibrous healing after 2-3 
months. It seemed that the problem of developing an 
artificial mitral valve would be solved by the addition of a 
valve mechanism to an Ivalon ring. 

This was done, and the first valve was used to replace 
the mitral valve of a mongrel dog. The animal survived 
the operation. Three days later, he developed sudden 
paralysis of the hind legs and was immediately killed. An 
embolus was found occluding the trifurcation of the 
abdominal aorta, There were also fresh renal infarcts. The 
emboli had come from the area of the valve. Thrombus 
was attached at the junction of mitral tissue and artificial 
material, and more particularly at the site of tissue injury 
produced by the sutures. This had grown over the sewing 
ring to the central orifice of the valve. From there some 
had propagated out into the bloodstream and some had 
broken away and embolized. The material used for this 
first device was silicone rubber, to which clots did not 
adhere, so that thrombi extending into the orifice from the 
ring were bound either to form an obstruction, if they 
remained attached to their source, or to embolize if they 
did not. The problem of thrombosis and embolism en- 
countered in this first experiment thereafter dominated 
the development of a mitral valve prosthesis. The original 
thesis was confirmed in many experiments. The influence 
of flow was clearly demonstrated. Areas of stagnant flow 
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were demonstrated in flow visualization studies using the 
pulse duplicator; at these sites the thrombus grew larger. 

Many variations of design and material were tried. The 
ring shape and occluder mechanism were varied to pre- 
vent stasis. Insufficiency was introduced at areas of pre- 
sumed stasis. Negative charges were induced on the 
surface to repel the platelets and cells. Valves were 
inserted with running 3-0 silk sutures within the annulus 
or on the ventricular side so that a retained rim of normal 
cusp tissue covered the prosthetic ring and minimized the 
exposure of injured tissue [3, 4]. 

From all of this the flexible monocusp valve emerged as 
the ideal design. It had a D-shaped ring: the straight 
portion was aligned with the base of the excised anterior 
cusp. The artificial cusp was attached to the straight side 
of the ring and had hinges parallel to this. Between the 
hinges, the rigid portions of the cusp met the ventricular 
surface of the ring in closing. The cusp thus “rolled” to 
and fro across the flow path in opening and closing. The 
valve was made of layers of laminated mylar and joined 
by Schjelbond glue. Based on increasing success with the 
animal work, leading to a 72-day survival in 1 dog, it was 
decided to proceed with human implantation. 

For the human cases the valve was covered entirely 
with knitted Dacron cloth. This was done with the expec- 
tation that the inevitable fibrin deposit would adhere and 
ultimately be replaced by the thin neointima that regularly 
covered the Ivalon sewing ring. Durability and freedom 
from thromboembolism was the hoped-for gain. This was 
then the first low-profile, fabric-covered valve. It had 
central flow and was, with its flexible cusp, a hybrid 
polymer/mechanical device. Its design precluded outflow 
tract obstruction. Gradients varied between 0 and 7 mm 
Hg, and there was a minimal puff of insufficiency in 
closing. On ausculation it could not be distinguished from 
a normal natural valve. 

The first two valves were made on the kitchen table of 
a Quonset hut in Rochester, Minnesota, and inserted on 
July 16 and July 22, 1960. Both patients were in functional 
class IV; one had a failed annuloplasty. Both survived 
operation and were discharged from the hospital greatly 
improved. They were the second and third hospital sur- 
vivors of mitral valve replacement and, at that time, the 
only living patients in the world with artificial mitral 
valves. 

One month later on a Friday evening we heard that the 
first patient had died of pulmonary edema while watching 
the weekly school football game. We rented a Beechcraft 
and flew to Marshalltown, Iowa, where we performed the 
autopsy in a local undertaker’s parlor watched by many 
local citizens. The 3-0 silk suture had broken and the valve 


Ms a TOG ee Dds AOAC. CAL. PF a NAMNI AOTEIQAICIA KA 


J 


rye 


Ann Thorac Surg 
1989;48:596-7 


had undergone dehiscence. The valve itself was intact and 
covered with a thin layer of fibrin. 

A meeting, “Artificial Valves for Cardiac Surgery,” was 
scheduled for September 9 and 10 at the Palmer House in 
Chicago. We went to the meeting thinking we had the 
only live patient with an artificial mitral valve. We arrived 
to be met by Charles Hufnagel, who had just performed 
an autopsy on our patient in Washington, DC. He too had 
suffered from breaking of the 3-0 silk suture and dehis- 
cence of the valve, which once again showed no more 
than a thin fibrinous coating with no identifiable thrombi. 
Without anticoagulation, these two patients had had no 
emboli, but invasion of the sewing ring by fibrous tissue 
had not occurred from the scarred: rheumatic annulus, 
and 3-0 silk sutures (satisfactory for the normal dog) had 
simply not been strong enough in the larger human 
annulus. 

The valve was never commercially developed but its 
use did continue [5]. The inventor returned to his home 
overseas. Instead of being made on a kitchen table, the 
valve was manufactured by an engineer at a local elec- 
tronics plant. Interrupted 2-0 silk sutures were used for its 
insertion. During 1962 and 1963, 14 valves were inserted 
with one death from air embolism. By then, the Edwards 
ball valve was already being marketed and 67 of these 
were inserted with 12 deaths. During an average of 18 
months follow-up, the ball valves had nine emboli (2 
fatal), while the monocusps had one, and at autopsy this 
came from the atrium. The valve itself was clean [6, 7]. 
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Despite these promising results, the valve died a natu- 
ral death for lack of promotion and industrial sponsor- 
ship. It was the first low-profile, central flow, flexible 
cusped valve and had the potential for becoming com- 
pletely covered by living, self-replicating host tissue. At 
another time, and under different circumstances, it might 
have flourished. 
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The Return of Elastomer Valves 
Willem J. Kolff, MD, PhD, and Long Sheng Yu 


Department of Surgery, University of Utah, Salt Lake City, Utah 


This paper concerns the heart valves to be used mainly in 
artificial hearts. Most of our tricusp semilunar valves are 
made of polyurethane. These valves have functioned in 
artificial hearts for up to 62 days, and have been im- 
planted in sheep for 1 year without evidence of throm- 
boembolism. Our valves have a wide opening, using 


he Philadelphia Drive System has a gentle dp/dt [1]. 

The vortex flow in the sinus of Valsalva may not be 
important for the closure of the valve (Henderson and 
Johnson, 1912), but helps prevent thrombosis. 

With regard to artificial heart valves [2], we first pur- 
sued the making of monocusp valves, and these valves 
(made by Graham Blackbeard) functioned well; however, 
when tested at high speed, the leaflet descended and 
rubbed against the opposite wall, where a hole was 
ground into the leaflet corresponding with the touching 
area. Nature designed three leaflets and they descend 
together without rubbing. 

Chordae tendineae serve the same purpose. A tubular 
valve with chordae tendineae worked well [3]. An actively 
operated valve would have an advantage in the mitral 
position.* 

The material that we currently use for our polyurethane 
tricusp semilunar valves is Pellethane (Dow Chemical) 
2363-80AE or 2363-75A, which is more flexible.’ It can be 
used for vacuum-forming and for solution-casting. Be- 
cause all polyurethanes change with age, we also use 
Silastic HP-100 (Dow Corning), which is claimed to be 100 
times stronger than the older silicones (Fig 1). 


Manufacturing 


Long Sheng Yu in our lab found a simple way to make 
polyurethane valves with a wide opening and redundant 
valve leaflets. These valves are bistable, meaning that 
they have a tendency to be either open or closed. For the 
Silastic valves we use a cylindrical mold, and the stents 
are molded at the same time. Flexible Silastic stents offer 
redundancy when the valve closes. 

Functional testing is done with the valves placed in 
artificial hearts in the cascade mock circulation. Plotting 
venous or filling pressure against cardiac output results in 
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redundant leaflets that are “bistable.” Accelerated test- 
ing by air jet provides 1,000 closures per second. Regur- 
gitation is measured in an apparatus with the help of a 
competent valve. All polyurethanes change with age, but 
Silastic does not. 

(Ann Thorac Surg 1989;48:S98-9) 


a Starling curve [4], presenting the function of the valve in 
the conditions in which it is going to be used (Fig 2). 
The volume of regurgitation per minute is measured in 
a simple apparatus with the valve to be tested in the mitral 
position and with a nonregurgitant valve in front of it [1]. 
Durability testing is performed in real time with the 
valves mounted in artificial ventricles and connected to 

















B . 
Fig 1. Silastic valves made by Holger Werning in our laboratory at 
the University of Utah: (A) wide open; (B) closed. Flexible stents 
cause redundancy of the leaflets. 
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Fig 2. A Starling curve made with an artificial heart using different 
types of valves. The curves are almost identical. (© = Silastic; @ = 
Bjérk-Shiley; O = Medtronic Hall; @ = St. Jude.) 





mock circulations or in various accelerated test devices. 
Highly accelerated testing in an air jet tester flexes the 
valve 1,000 times per second (the experience of a year in 9 
hours) [1]. Accelerated tests break the valves at the same 
locations as do real-time tests. 

Testing for thrombosis is done in the blood-bag system, 
which provokes thrombosis, and in the PAPAS (pulmo- 
nary artery to pulmonary artery shunt), which makes ex 
vivo testing possible for many artificial hearts in one 
animal. 


Results of Animal Testing 


Our polyurethane valves have been implanted by Dr 
Donato Sisto (Albert Einstein College of Medicine, New 
York) in 5 juvenile sheep, and they have done well. 
Calcification caused the death of the first sheep after 15 
months. There was no breakage and no thromboemboli. 

Artificial hearts of the Philadelphia type have no quick 
connects (to avoid thromboemboli). The atria, aorta, and 
pulmonary arteries are directly connected to the ventricles 


[5]. 
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In the Philadelphia type I artificial heart, valves can be 
sewn in. In the Philadelphia type II heart, the valves are 
inserted beforehand in the ventricles and have been 
provided with a sinus of Valsalva. In both types, our 
polyurethane valves have been nearly free of thrombosis 
(1, 5]. 


The Future 


In 1987, 46 total artificial hearts driven by compressed air 
were used as a bridge to heart transplantation, and 36 of 
these recipients have left the hospital with a functioning 
transplant [6]. It makes no sense to use four valves costing 
from $2,000 to. $4,000 each when an artificial heart, in 
many cases, is used for only a few days. Polyurethane 
valves are inexpensive and sufficiently reliable and our 
artificial hearts are sufficiently free of thrombosis to justify 


«their usé as a bridge to donor heart transplantation [7]. 
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Vital Fluorescent Staining of Human Endothelial 
Cells, Fibroblasts, and Monocytes: Assessment of 


Surface Morphology 
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School, Boston, Massachusetts 


Vital fluorescent staining of human endothelial cells, 
fibroblasts, and monocytes seeded on a variety of sur- 
faces has been carried out to develop a method for 
studying cell growth and interactions on viable cells. 


Using special fluorochrome markers and monoclonal _ 


Ir studies carried out at the National Heart Institute in 
4 the 1960s, growth of nonthrombogenic autologous 
tissue layers was observed on the fabric lattices used to 
cover the support frames of homograft valves and rigid 
prostheses with moving poppets [1, 2]. Moreover, flexible 
polyurethane leaflets of varying porosities that were 
nonthrombogenic when implanted in the valve annulus 
of host animals could be made [3]. This work was ex- 
tended to patients by covering ball vaive prostheses with 
a similar fabric before implantation. Over the following 
decade, these fabric lattices were studied histologically 
after retrieval of the valves from patients coming to 
reoperation or autopsy [4, 5]. These studies confirmed 
that use of a favorable lattice, in the absence of undue 
abrasion by a moving poppet, encourages growth of a 
living tissue layer which shows minimal calcification, 
even after'a decade. 

Recently, we have begun a series of: Sperei to 
examine the relationship, between cell matrix materials 
and artificial surfaces, using vital fluorescent staining [6]. 
We hypothesized that the requirements for optimal cell 
gtowth were best studied in vitro in living cells actively 
growing on a polymer surface. Toward that end, the 
behavior of endothelial cells, blood monocytes, and fibro- 
blasts seeded on synthetic surfaces was monitored by 
fluorescence microscopy after cellular uptake of selected 
fluorescent markers. 


Material arid Methods 


Human umbilical vein endothelial cells were harvested 
with collagenase and subcultured in medium 199 (M:A. 
Bioproducts) with 20% fetal calf serum (Gibco), 50 pg/mL 
ECGS (Biomedical Techriologies, Inc) and 100 pg/mL 
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antibodies, it was possible to differentiate different cell 
types as they grew on polymer surfaces similar to ones 
that are presently used on artificial heart valves and 
vascular grafts. 
(Ann Thorac Surg 1989;48:5100-2) 


heparin. Human monocytes were obtained from heparin- 
ized whole blood using a Ficoll gradient, and cultured in 
RPMI-1640 medium (Whittaker). Human fetal fibroblasts 
(MRC-5) were obtained commercially, arid cultured in 
Dulbecco’s minimal essential medium. After 24 to 72 
hours in culture, nonadherent cells were removed by 
gentle rinsing before the addition of solutions coritaining 
fluorescent probes in 0.5 mL of medium. Cells were 
grown on 12-mm coverslips coated with either 1% gelatin, 
0.5% Biomer (a segmented polyether polyurethane; Ethi- 
con, Inc) plus human fibronectin, or Cell-Tak (an adhesive 
protein derived from the mussel Myelitis edulis; Biopoly- 
mers, Inc). 

Endothelial cells were labeled with fluorescein isothio- 
cyanate (FITC)-labeled or rhodamine-labeled Ulex euro- 
paeus I lectin (Vector Laboratories) after a one-hour incu- 
bation (50 uL). Monocytes were labeled with MO2-FITC 
(one hour incubation; 50 uL} or MO2-biotin (0.5 hour; 50 
uL) followed by avidin-phycoerythrin (0.5 hour; 25 pL; 
Phycoprobes; Biomedia Corp). Fibroblasts were labeled 
with rhodamine 123 (one-hour incubation, 50 uL; Molec- 
ular Probes) or rhodamine-labeled phalloidin (two-hour 
or 24-hour incubation, 50 aL; Molecular Probes). Uptake 
of fluorescein diacetate over one minute (stock solution of 
5 mg/mL in dimethyl-sulfoxide, diluted 1:1,000) was used 
to monitor viability of endothelial cells and fibroblasts 
previously labeled with the above fluorochromes; viability 
of monocytes was monitored by exclusion of 0.4% trypan 
blue. All fluorochromes were incubated with living cells; 
control experiments demonstrated fluorescent, staining 
patterns similar to those seen in fixed cells. 


Results 

Human umbilical vein endothelial cells were plated at low 
density (8 x 10* cells per coverslip). In Figures 1A-C are 
shown the phase image (A) and staining of 24-hour- 
cultured endothelial cells with Ulex europaeus-rhodamine 
lectin (B) and FITC-diacetate (C), demonstrating charac- 
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Fig 1. Vital fluorescent staining of endothelial cells, monocytes, and fibroblasts. Endothelial cells grown 24 hours on 1% gelatin are shown by 
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phase microscopy (A; x400), after staining one hour with Ulex europaeus-rhodamine lectin (B; 400), and after one minute uptake of FITC- 
diacetate, showing preservation of cell viability (C; x400). After being cultured for 48 hours, cell density is greater, as shown for a different plate 
(D: Ulex europaeus-rhodamine lectin; E: FITC-diacetate; x400). Monocytes stained with MO2-biotin-avidin are shown in (F) (x400). Fibro- 
blasts are shown under phase microscopy (G, D and stained one hour with rhodamine 123 (H; X1,000) or 24 hours with rhodamine-phalloidin (; 
1,000). Even after 24 hours of coincubation with rhodamine 123 (K), fibroblasts retain viability and their characteristic morphology (L; FITC- 


diacetate; X400). (All magnifications are before 37% reduction.) 


teristic morphology with excellent viability. Confluence 
was achieved after 48 to 72 hours in culture: Figures 1D-E 
demonstrate the increased cellular density with retention 
of rhodamine-lectin staining and viability at 48 hours. Cell 
morphology and fluorochrome uptake were consistent 
and similar whether the cells were grown on 1% gelatin 
(Figs 1A-E), Cell-Tak, or Biomer with fibronectin. Fibro- 


blasts and monocytes were not stained by Ulex europaeus- 
fluorochrome. 

Monocytes stained uniformly with MO2-biotin/avidin/ 
phycoerythrin (Fig 1F) and MO2-FITC while retaining 
viability, as documented by uptake of FITC-diacetate. 
Endothelial cells and fibroblasts did not stain with the 
MO2-conjugated probes. 
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Optimal staining of MRC-5 fibroblasts with rhodamine 
123 was achieved after one hour; overnight incubation of 
fibroblasts was optimal for staining with rhodamine- 
phalloidin. Fibroblasts were consistently labeled with 
these probes, but exhibited contrasting patterns of fluo- 
rescence. Rhodamine-phalloidin produced a limited pat- 
tern of punctate intracellular fluorescence (Fig 1G, phase; 
Fig 1H, fluorescence). In contrast, bright intracellular 
structures were visualized with rhodamine 123 (Fig 11, 
phase; Fig 1J, fluorescence). In both cases, cells retained 
viability, even after overnight incubation (Fig 1K, over- 
night rhodamine 123; Fig 1L, overnight rhodamine 123 
followed by one-minute incubation with FITC-diacetate). 


Comment 


In these studies we have demonstrated that a specific 
group of fluorescent markers can be applied to living cells, 
with no evidence of toxicity over many hours in culture. 
Endothelial cells, monocytes, and fibroblasts have been 
examined while growing on a variety of biomatrix mate- 
rials, using fluorochromes that enable identification of 
cellular types and their easy visualization by fluorescence 
microscopy. The lectin from Ulex europaeus has previously 
been shown to bind te surface glycoproteins and juxtanu- 
clear structures representing the Golgi apparatus in endo- 
thelial cells [7], whereas the monoclonal antibody MO2 
binds to surface antigens on monocytes [8]. Although 
rhodamine 123 and rhodamine-phalloidin (which bind to 
intracellular mitochondria and F-actin, respectively) [9, 
10] do not specifically label fibroblasts, they have proved 
to be particularly useful in visualizing growth of these 
cells on a biomatrix. 

The experimental approach presented here will enable 
detailed studies of the cells that normally line cardiovas- 
cular channels and their interaction with biomatrix mate- 
rials. We can thus examine the requirements for, and 
modulation of, tissue layer growth on the biosynthetic 
components of artificial heart valves and cardiac assist 
devices, as well as the effects of biomatrix composition on 
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cellular morphology. Moreover, this in vitro approach will 
allow exploration of the effects of clinical treatment mo- 
dalities on tissue growth (eg, focal destruction of the 
vascular lining by laser treatment). The knowledge gained 
may be critically important for the future design of car- 
diovascular prosthetic devices and our understanding of 
the tissue response to these materials. 
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Heart Valve Legislation and Regulation 


Larry R. Pilot, Esq 


hen Art Beall telephoned me a few months ago to 

ask if I would be interested in addressing the 
World Congress on Heart Valve Replacement, I accepted 
without hesitation. This was because years ago Art and 
other speakers in this program, in particular Dwight 
Harken, were visible in their considerable efforts to stim- 
ulate involvement of the cardiovascular medical commu- 
nity to influence and direct the Food and Drug Adminis- 
tration (FDA) and Congress on changes to the Federal 
Food, Drug, and Cosmetic Act. 

Their interest began in earnest with a 1969 conference 
sponsored by the Association for the Advancement of 
Medical Instrumentation and the National Institutes of 
Health and continued through enactment of the Medical 
Device Amendments of 1976. During that 7-year period, 
cardiovascular surgeons were probably the most influen- 
tial group of health care practitioners involved in the 
legislative process. The 1976 Amendments were a direct 
product of the 1969 Association for the Advancement of 
Medical Instrumentation conference and a Health, Edu- 
cation and Welfare Departmental Task Force chaired by 
Theodore Cooper, who was then Director of the Heart 
and Lung Institute. This marvelous and carefully devel- 
oped legislation was intended to produce a beneficial 
regulatory process that would protect the public, encour- 
age efficient development of safe and effective devices, 
and avoid the harsh criticisms directed at the FDA for its 
delays in approving new drugs. 

A major feature of the 1976 Amendments was the 
provision for scientific review by a peer review committee 
of qualified experts who were not employees of the FDA. 
It was believed that the premarket approval of devices 
could be simplified and facilitated by having experts 
review data on safety and effectiveness and provide their 
opinion to the FDA. This system would relieve FDA 
employees of the pressures associated with making deci- 
sions about matters in which they did not have expertise 
or that required application of unique expertise. The 
advisory panel would consist of qualified experts with 
expertise in clinical and administrative medicine, engi- 
neering, biological and physical sciences, and other re- 
lated professions, as well as a nonvoting representative of 
consumer and industry interests. It was expected that this 
public process would produce the best possible system for 
scientific review and approval of new devices. That was 
the dream in 1976, but the reality of our experience in 1989 
suggests something different. 

This program is a “World Congress,” and it would be 
nice if I could review regulatory programs throughout the 
world, but I will cover only the experience of the regula- 
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tory system that applies in the United States. I believe this 
is fair because no other country has a device premarket 
approval process that is as pervasive and long-standing as 
that administered by the FDA. I ask whether the US 
public, profession, and industry is better off because of 
the FDA’s current administration of the 1976 Amend- 
ments and ask you to decide. I also make some sugges- 
tions based on my beliefs and recommendations based on 
my experiences. 

First, I describe the current system as it applies to new 
devices. I then review the interests of Congress and the 
prospects for changes through legislation. 


Regulation 


The 1976 Amendments to the Act followed the major 
suggestions of the Cooper Committee; namely, to review 
and classify all known devices and require premarket 
approval only for devices that (1) purport or are repre- 
sented to be for a use in supporting or sustaining human 
life or for a use that is of substantial importance in 
preventing impairment of human health, or (2) present a 
potential unreasonable risk of illness or injury. These class 
Ill devices would require the sponsor to provide adequate 
data in a premarket approval (PMA) application to the 
FDA to demonstrate the safety and the effectiveness of the 
device. 

The FDA, with the advice of an advisory panel of 
qualified experts, began a review of cardiovascular de- 
vices before 1976; this process was completed after notice 
and comment rulemaking in 1980. As a result, the classi- 
fication of all known devices can be found in Title 21 of the 
Code of Federal Regulations. The sponsor can determine 
whether a device is in class II requiring a PMA, in class II, 
for which compliance with a performance standard may 
be required, or in class I, for which the device must 
comply with general provisions of the Act relating to 
adulteration and misbranding. Any new device that has 
not been classified falls into class III by operation of the 
Act and requires either an approved PMA application or 
formal reclassification into class If or class I. All heart 
valve replacements are in class III and, by law, the FDA 
could ask for PMA applications for currently marketed 
valves that were first marketed before 1976 or were 
determined by the FDA to be substantially equivalent to 
those pre-1976 valves. On February 12, 1986, the FDA 
published a proposed rule in the Federal Register calling 
for those PMA applications and on May 13, 1987, pub- 
lished a final rule indicating that these PMA applications 
or a complicated Product Development Protocol were due 
on December 9, 1987. 

Irrespective of whether a cardiac valve was marketed or 
developed before or after the 1976 enactment date of the 
Amendments, the same review procedure would apply. If 
it is necessary to investigate clinically the safety and 
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effectiveness of a valve, permission for an Investigational 
Device Exemption must be obtained first from the FDA. 
Regulations appearing in 21 C.F.R. Part 812 describe the 
content of the application and procedure, which is in- 
tended to assure patient informed consent and Institu- 
tional Review Board approval of the protocol, among 
other things. The sponsor of the approved Investigational 
Device Exemption must comply with the regulation to 
assure compliance with the protocol, maintain necessary 
records, and submit required reports to the FDA and the 
Institutional Review Board, including a progress report at 
least annually. The FDA maintains control over the Inves- 
tigational Device Exemption and can proceed to terminate 
an investigation for cause. 

When a sponsor believes that adequate data to support 
the safety and effectiveness of a device have been ac- 
quired, the sponsor can provide the information required 
under the Act and the FDA is required to file the PMA 
application for review and either approval or disapproval 
within 180 days of the filing date. The FDA must transmit 
the PMA application to the Circulatory Systems Panel, 
which reviews the application during a public meeting 
and concludes by recommending either approval or dis- 
approval of the PMA application. The FDA can either 
accept or reject the advice of the Panel, but it must notify 
the sponsor of its approval or disapproval with explana- 
tions before the expiration of 180 days from the date of 
filing. 

That is the system—pure and simple. In theory, it 
makes a lot of sense. In practice, it has become worse than 
a nightmare on Elm Street for some developers and 
manufacturers. For example, some manufacturers of pre- 
1976 valves elected to discontinue US marketing because 
FDA expectations were unrealistic or excessive. Other 
manufacturers have been struggling to satisfy the FDA 
that valves that have been in the marketplace for decades 
are safe and effective to the extent that surgeons can 
decide for themselves whether a particular valve is accept- 
able to them for use in their patients. This somewhat 
controversial situation developed because the FDA staff, 
none of whom are surgeons, developed a draft guideline 
with assistance from the Advisory Panel. Among other 
things, this draft requests catheterization data on patients 
even though the patients are not symptomatic. Naturally, 
few (if any) surgeons would undertake to expose an 
asymptomatic patient to the traumatic risk of catheteriza- 
tion to satisfy the scientific curiosity of the FDA staff or the 
pleadings of the sponsor manufacturer who needs it 
because the FDA wants it. A similar request is in a draft 
guideline for new heart valves. Does it make sense to 
experiment with a patient who is doing well to gather data 
to satisfy a bureaucratic curiosity? Would any of you, after 
successfully surviving a heart valve replacement opera- 
tion, volunteer to expose yourself to even a minimal risk 
of unnecessary trauma to satisfy criteria in a draft guide- 
line prepared by the FDA? Are these data necessary? If 
the answers to these questions are negative, I submit that 
something has gone wrong with the vision we had in 
1976, and there is one simple explanation. Once the 1976 
Amendments became law, the medical and scientific 
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community simply walked away and assumed that their 
work was finished. 

If this opinion sounds harsh, ask yourselves as practi- 
tioners and pioneers in this field what you know about 
the activities of the Circulatory Systems Panel. How many 
of you know and communicate with panel members about 
what they are doing and whether their views reflect 
consensus in the cardiovascular community? What con- 
tact do your professional associations have with the 
Advisory Panel or the FDA, and are these associations 
reporting back to you on the activities of the Panel and the 
FDA? If you can’t answer these questions or are not 
satisfied with your answers, clearly this wonderful and 
carefully designed regulatory system is not working as it 
was designed. The dynamic interest that produced the 
1976 Amendments has become static—bureaucratic, but 
this does not mean that a major overhaul, or any over- 
haul, of the Act is necessary. 


Legislation 


During the last session of the 100th Congress, major 
efforts were made to amend the Act in areas relating to 
regulation of devices. The House passed a bill that almost 
gained Senate approval in the final days of Congress. 
Many legislators were disappointed, and Congressman 
John Dingell, Chairman of the House Committee on 
Energy and Commerce, is reported to be determined to 
accomplish his goal of legislation in the 101st Congress. 
I believe there is a good possibility that the Act will be 
amended, although I don’t believe this is necessary. 
Frankly, I’m surprised that Congress has not determined 
more thoroughly whether the FDA’s application of the 
scientific review process has been acceptable or unaccept- 
able. Although the House has conducted some hearings 
relating to the premarket notification process for devices, 
the Senate has not had a single hearing on the device 
Amendments since before 1976. If the 1976 Amendments 
are broken, I believe it would be helpful to identify all the 
broken parts before they are fixed. This would, of neces- 
sity, require investigation and hearings in which repre- 
sentatives of industry, the health profession, and con- 
sumers would express their views about the system. 
Although I believe that the FDA in general has done a 
good job and that no change in the Act is indicated, I have 
witnessed distressing performances by the FDA. I hope 
these represent exceptional situations, but I have experi- 
enced many situations in which device sponsors and their 
medical and scientific experts leave FDA meetings with a 
very poor image of the FDA. For example, about a year 
ago, the FDA made great fanfare of a claim that there was 
no backlog of certain applications. To many companies, 
this news came as a shock, because they had PMA 
applications that had then been pending for at least a 
year. For the most part, all they wanted was the oppor- 
tunity to have their PMA application reviewed in public 
by the Advisory Panel. | want to believe that progress has 
been made by the FDA, but until I see confirming evi- 
dence that is not generated by the FDA, I and others must 
remain skeptical. Perhaps Congress will look into these 
and other matters in the next session. In the meanwhile, 



















encourage you to examine whether this isn’t a good time 
you and your professional organizations to examine 
the dynamics of the current process so that in 25 years or 
ss you can have another World Congress to review the 
neficial changes of the future. 


. Current Affairs and Opportunities 


© Although the US at present has the most pervasive 
' regulatory program for devices, there is concern about 
what governments in other countries are doing and what 
impact this will have on the world marketplace. At 
present, it appears that regulation of the device industry 
in other countries is generally reasonable and does not 
create an adverse impact on the industry. For example, in 
the current issue of Medical Device & Diagnostic Industry, 
- Pieter Halter writes in his Market Report about interven- 
tional cardiology in Europe. He concludes that Western 
European countries are very much at the forefront of 
interventional cardiology, and he reminds the reader that 
percutaneous transluminal coronary angioplasty proce- 
dures originated in Europe. He reports that other proce- 
dures involving use of devices are commonplace in Eu- 
rope, yet many of these procedures may not be available 
in the US. I believe that this may be because the regula- 
tory process in the US has become too oppressive. 

I know that US companies are commercially distribut- 
ing products outside the US, but they are unable to 
persuade the FDA staff to file a PMA application for 
review by the Advisory Panel. That the FDA permits the 
US manufacturer to export a heart valve to other countries 
but refuses to submit the manufacturer's PMA application 
to the Panel for scientific review is both unfortunate and 
ridiculous. I know this to be a fact and question whether 
it makes sense that the FDA staff would permit commer- 
cial distribution and use of a device outside the US, but 
continue to refuse to present the PMA application to the 
Panel for a public review. 
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Several weeks ago, the FDA announced that it would 
require submission of data on the safety and effectiveness 
of some pre-1976 cardiovascular devices. These include 
vascular graft prostheses of less than 6-mm diameter and 
intraaortic balloon and control systems. Whether FDA 
expectations will be reasonable remains to be determined. 
I suspect that some pre-1976 heart valve manufacturers 
would suggest that the FDA’s expectations for these 
preenactment devices are unreasonable, but I am not sure 
whether you as surgeons and developers agree. I do 
know that you have an opportunity to make your opinion 
known and to influence the practices of the FDA and its 
panel of advisors. Whether you elect to accept this re- 
sponsibility as many of you did before 1976 is clearly your 
choice. If you are satisfied with the present system, then 
compliment the FDA and its Advisory Panel for the 
service they provide to the public. If you believe improve- 
ments are desirable, then either be content to let an 
elusive “George” do it or get back into the process and 
influence the direction of the FDA. 


Summary 


During 13 years of regulation by the FDA under the 
Medical Device Amendments of 1976, the process by 
which replacement heart valves have been developed and 
modified has changed. Some of these changes have been 
good for the public, whereas other changes are of ques- 
tionable value. Conditions will never be as they were 25 
years ago, but they could be closer to what was expected 
in 1976. 

As the FDA constantly seeks to improve its perfor- 
mance and Congress focuses on possible changes to the 
Act, the cardiovascular community of practitioners, in- 
ventors, and manufacturers should offer their assistance. 
I believe the creative spirit that enables you as pioneers to 
reflect on your accomplishments and contemplate even 
greater innovations for the future should again be applied 
to the process of helping the FDA improve the way it 
serves us—the public. 
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